An experimental study on learning by providing individual laboratory experiments in the junior high school by Schweigert, Arnold William
University of Montana 
ScholarWorks at University of Montana 
Graduate Student Theses, Dissertations, & 
Professional Papers Graduate School 
1962 
An experimental study on learning by providing individual 
laboratory experiments in the junior high school 
Arnold William Schweigert 
The University of Montana 
Follow this and additional works at: https://scholarworks.umt.edu/etd 
Let us know how access to this document benefits you. 
Recommended Citation 
Schweigert, Arnold William, "An experimental study on learning by providing individual laboratory 
experiments in the junior high school" (1962). Graduate Student Theses, Dissertations, & Professional 
Papers. 6033. 
https://scholarworks.umt.edu/etd/6033 
This Thesis is brought to you for free and open access by the Graduate School at ScholarWorks at University of 
Montana. It has been accepted for inclusion in Graduate Student Theses, Dissertations, & Professional Papers by an 
authorized administrator of ScholarWorks at University of Montana. For more information, please contact 
scholarworks@mso.umt.edu. 
AN EXPERIMENTAL STUDY ON LEARNING BY PROVIDING 
INDIVIDUAL LABORATORY EXPERIMENTS IN THE 
JUNIOR HIGH SCHOOL
by
ARNOLD WILLIAM SCHWEIGERT
B .S, Jamestown C o lleg e , 19^8
P resen ted  in  p a r t i a l  f u l f i l lm e n t  o f  th e  requ irem en ts  f o r  th e  degree o f
M aster o f E ducation
MONTANA STATE UNIVERSITY
1.962
Approved by:
-r - - n. - ■ - -Chairman, o f  Exam iners
Dean, G raduate School
Date
Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
UMI Number: EP36834
All rights reserved
INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.
In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.
UMT
OiMMtadon PuUnNng
UMI EP36834
Published by ProQuest LLC (2013). Copyright in the Dissertation held by the Author.
Microform Edition © ProQuest LLC.
All rights reserved. This work is protected against 
unauthorized copying under Title 17, United States Code
ProOuesf
ProQuest LLC.
789 East Eisenhower Parkway 
P.O. Box 1346 
Ann Arbor, Ml 48106 - 1346
R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
ACKNOWLEDGMENTS
The w r i t e r  w ishes to  acknowledge h is  d eb t to  th e  com m ittee,
Mr, F rank J ,  W atson, D r. L inus J .  C a r le to n , and Dr. R obert H. Ja y , who 
o f fe re d  many su g g es tio n s  f o r  th e  improvement o f  t h i s  volume. S p e c ia l 
thanks a re  due to  Dr. Vernon 0 , S le t te n  and Dr. James G ebhart who re a d  
th e  o r ig in a l  m anuscrip t and gave v a lu a b le  d i r e c t io n  to  th e  w r i t in g  o f 
th e  f i n a l  d r a f t .  And f i n a l l y ,  to  ray lo v in g  w ife  Joan who a s s i s te d  
g r e a t ly  i n  t h i s  p ro d u c tio n .
R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
TABLE OF CONTENTS
CHAPTER PAGE
I .  THE PROBLEM AND DEFINITIONS OF TERMS USED............................. 1
The Problem   ............................................   . .    1
S ig n if ic a n c e  o f  th e  problem  . . . . . . . . .  ................... 1
Purpose o f  th e  s tu d y ....................... .... .................................... ....  , 3
A ssunçitions, D e lim ita tio n s ,  and L i m i t a t i o n s ...................  3
D e f in it io n s  o f  Terms  ..........................  Ij.
The ju n io r  h igh  sc h o o l................................................................  ij.
In d iv id u a l  la b o ra to ry  work m e th o d .....................................  1|.
The dem onstra tion  method o r  th e  le c tu re -d e m o n s tra tio n
method  ..........................     Ii
The in d iv id u a l  la b o ra to ry  work group ....................................  5
The le c tu re -d e m o n s tra tio n  group .................................................  3
I I .  REVIEW OF THE LITERATURE  .............................................  6
L i te r a tu r e  on E xperim ental S tu d ie s  in  th e  High School . . 6
L i te r a tu r e  on H is to r ic a l  Summaries o f  S tu d ies  in  th e
High School . . . . . . . . . . . . .  ....................... . . . 9
L i te r a tu r e  on S tu d ie s  i n  th e  E lem entary S c h o o l ...........  12
I I I .  METHOD OF PROCEDURE  ......................   13
C o lle c t io n  o f  Data  ........................................................................ 13
D eterm ination  o f  in t e l l ig e n c e  q u o tie n t ...........................  . 13
S e le c tio n  o f  th e  c o n tro l and experim en ta l g roups. . . .  13
—i.x—
Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
-1X1-
CHAPTER PAGE
The p r e t e s t s  aiü f i n a l  t e s t   ........................................  ll$
The use  o f  e x p e r im e n ts ...................................................................  lij.
U n it a c t i v i t i e s ................................................... ............................. li|.
D iscovering  a t t i t u d e s  tow ard method o f  in s t r u c t io n  . . 16
D iscovering  d if fe re n c e s  i n  problem  so lv in g  .........................  16
IV. TREATMENT OF D A T A .....................................................................................  17
The Method o f  E q u iv a len t G r o u p s .................................................. 17
E q u iv a len t g roups....................................... ........................................  17
M atching groups  ............................................................................  17
S t a t i s t i c a l  A n a ly s is  o f  th e  F in a l  T es t Scores and
M atching by I n te l l ig e n c e  Q u o tie n t..................................  18
F ind ing  th e  m e a n ......................................    18
F ind ing  th e  s ta n d a rd  d e v ia tio n   ............................................  19
F ind ing  th e  s tan d a rd  e r r o r  .........................................................  19
F ind ing  th e  c o r r e la t io n   .............................    20
The s ta n d a rd  e r r o r   ..............................................................  21
The c r i t i c a l  r a t i o ..............................................................  21
P re s e n ta t io n  o f  d a t a ..................................................................   21
Summation o f  f in d in g s  when groups were matched by I .Q , 21
S t a t i s t i c a l  A n a ly sis  o f  F in a l T e s t Scores When M atching
by Exac t  P r e t e s t  S c o r e ...................................................................  23
M atching in  u n i t s ......................    23
Summation o f  f in d in g s  when groups were matched by 
p r e t e s t  s c o r e ..................................................................   23
Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
-IV-
CHAPTEE PAGE
D iscovering  p u p il  p re fe re n c e s  o f  la b o ra to ry  method . « 25
D iscovering  d if f e re n c e s  i n  problem  so lv in g  . . . . . .  25
S t a t i s t i c a l  A n a ly sis  o f  th e  P e rc e n t o f  Successes i n
Problem S olv ing   ...................................    2?
V. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS.......................  30
S u m m a ry ..............................................................................................  30
C o n c l u s i o n s ...................................    30
Recommendations . . . . . . . . .  .............................................  33
BIBLIOGRAPHY ..........................................................  . . . . .  ...........................  35
APPENDIX A -  P r e te s t s  and F in a l  T e s ts ,  U n its  1 - 6 ................... 37
APPENDIX B -  P a r t  I .  The W ritte n  In s t r u c t io n s  and A c t iv i t i e s
Perform ed by th e  In d iv id u a l  L abo ra to ry  G ro u p ..............  65
APPENDIX B -  P a r t  I I ,  Survey o f  A tt i tu d e  Q u estio n n a ire  and Problem
S olv ing  A b i l i t i e s  Experim ent  .......................................   92
APPENDIX C -  T es t R e su lts  D a t a ..........................      95
APPENDIX D -  Data o f  S tu d en ts  Matched by I .Q . and P r e te s t  s c o re s  103
Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
LIST OF TABLES
TABLE page
I .  THE CRITICAL RATIO OF INITIAL AND FINAL TEST SCORES MIEN
THE MATCHING IS  DONE BY INTELLIGENCE QUOTIENT........................  22
I I .  THE CRITICAL RATIO OF INITIAL AND FINAL TEST SCORES WHEN
THE MATCHING IS  DONE BY PRETEST SCORE  .....................................  2k
I I I .  PREFERENCES OF LABORATORY METHOD EMPLOYED.....................................  26
IV. DIFFERENCES IN PROBLEM SOLVING ON ONE EXPERIMENT . . . . .  28
- V -
R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER I
THE PROBIEM AND DEFINITIONS CF TERMS USED
The w orld  we l i v e  in  has  changed immensely in  th e  l a s t  two 
decades. With each new S o v ie t su ccess  in  p o l i t i c s  and space tech n o lo g y , 
our p a s t p o l i c ie s  in  many f i e l d s  o f endeavor a re  be ing  q u e s tio n e d . 
S u b jec t m a tte r  and te a c h in g  methods a re  being  more c a r e fu l ly  exam ined. 
T his q u e s tio n in g  g iv es  r i s e  to  s tu d ie s  which compare th e  r e s u l t s  
o b ta ined  from te a c h in g  methods em ploying d i f f e r e n t  la b o ra to ry  p rocedu res  
in  s c ie n c e . This w i l l  be th a t  kind o f s tu d y .
I .  THE PROBLEM
S ig n if ic a n c e  o f  th e  problem . E d u ca to rs , p a r t i c u l a r ly  th o se  in  
th e  f i e l d  o f s c ie n c e , ag ree  t h a t  th e  need f o r  re c ru itm e n t o f s c i e n t i s t s  
i s  ever in c re a s in g . T his need has been brought to  our a t t e n t io n  a s  a 
r e s u l t  o f World War I I ,  and more r e c e n t ly ,  th e  "’Cold War.'* D r. Hurd, an  
a s s o c ia te  p ro fe s s o r  in  th e  School o f E du ca tio n , S tan fo rd  U n iv e rs ity , and 
a s p e c i a l i s t  in  th e  te a c h in g  o f s c ie n c e , has s a id ,  “We a re  undergo ing  a 
re v o lu t io n  in  s c ie n c e , c re a tin g  a  new p a r tn e rs h ip  w ith  th e  economic, 
s o c ia l ,  e d u c a tio n a l,  and p o l i t i c a l  is s u e s  o f  our t i m e s . I t  has a ls o  
been p o in ted  ou t t h a t ,  “A p p lic a tio n s  o f  sc ien ce  to  techno logy  open th e  
way fo r  new in d u s t r i a l  e n te r p r i s e ,  and s u c c e s s fu l e x p lo i ta t io n  o f  t h i s
^Paul DeHart Hurd, “ Teaching Science in  a  Changing S o c ie ty ,"  
C a l ifo rn ia  Teachers A sso c ia tio n  J o u rn a l. 57slA, May, 1961.
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f r o n t i e r  w i l l  r e q u ir e  in c re a se d  a t te n t io n  to  th e  t r a in in g  o f s c i e n t i s t s . "  
In  r e s p e c t  to  t h i s  t r a in in g ,  D r. Hurd goes on to  say , '"The demands o f  
p re s e n t day  knowledge demands th a t  s ig n i f i c a n t  knowledge be ta u g h t a s  
e a r ly  in  schoo l a s  i t  i s  com prehensible."-^ He ex tends th e  view t h a t  in  
th e  n ex t few y ea rs  we can expect a m ig ra tio n  downward of course co n ten t 
from c o lle g e  to  h ig h  sch o o l, to  ju n io r  h igh  sch o o l, to  e lem en tary  sch o o l.
To meet t h i s  m ig ra tio n  and encourage th e  t r a in in g  o f  s c i e n t i s t s ,  
te a c h e rs  and a d m in is tra to r s  in  ju n io r  h igh  schoo ls  a re  w ondering i f  
t h e i r  sc ien c e  rooms should be equipped to  c a rry  on in d iv id u a l  la b o ra to ry  
w ork. D r. Hurd has s a id .
A d is t in g u is h in g  and prestm ed e s s e n t i a l  f e a tu r e  o f any sc ien c e  
te a c h in g  i s  th e  la b o ra to ry  work. For a t  l e a s t  th e  p a s t  t h i r t y  
y e a rs ,  th o se  in  sc ien ce  te a c h in g  have had a h ard  tim e conv incing  
e i t h e r  schoo l a d m in is tra to rs  o r s c i e n t i s t s  th a t  th e  tim e sp en t in  
th e  u su a l a c t i v i t i e s  o f  th e  ty p ic a l  la b o ra to ry  produced an y th in g  
th a t  was v a lu a b le  to  e i th e r  o n e 's  ed u ca tio n  o r an u n d ers tan d in g  
o f s c ie n c e . Every committee th a t  has considered  the  sc ien c e  c u r r i  c -  
ulum has recogn ized  th e  need to  improve la b o ra to ry  w ork.^
To encourage s tu d e n ts  to  f in d  a c a re e r  in  sc ie n c e , te a c h  th e  
p ro c e sse s  o f in q u iry  r a th e r  th an  outmoded f a c t s ,  and p rov ide  s tu d e n ts  
w ith  an en tra n c e  in to  t h i s  knowledge, an a ttem p t has been made to  develop  
an i n t e r e s t  in  th e  p ro cesse s  o f in q u iry  and measure any outcomes th a t  
m ight a p p e a r . At West Ju n io r  High School th e  science f a c u l ty  co n sid ered  
th e  fo llo w in g  q u e s tio n s  s Should th e  sc ien ce  rooms be equipped to  c a r ry
2
Vannevar Bush, Modern Arms and F ree Men (New York: Simon and 
S c h u s te r , 1949), p .  78 .
3
"^Hurd, op. c i t . ,  p . 15,
4 l b l d . .  p . 15.
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on in d iv id u a l  la b o ra to ry  ex p erien ces?  Are th e re  any m easurable outcomes 
o f in d iv id u a l la b o ra to ry  work in  a seven th  grade course o f  g e n e ra l 
sc ience?  What e f f e c t  does la b o ra to ry  work have on th e  s tu d e n ts ’ a b i l i t y  
to  succeed in  an  exam ination  based on th e  s u b je c t  m a tte r  o f  th e  co u rse , 
or th e  a b i l i t y  to  so lv e  la b o ra to ry  problem s? What method o f te a c h in g  i s  
p re fe r re d  by th e  s tu d e n ts  a t  t h i s  grade le v e l?
Puruose o f th e  s tu d y . The purpose o f t h i s  s tu d y  was to  compare 
th e  in d iv id u a l  work method and th e  le c tu re -d e m o n s tra tio n  method o f la b o ra ­
to ry  in s t r u c t io n  in  seven th  grade g e n e ra l s c ie n c e , West Ju n io r  High 
S chool, G reat F a l l s ,  Montana. Subproblems inc luded  in  t h i s  s tu d y  w ere: 
What were th e  pup ils*  p re fe re n c e s  a s  to  th e  two te a c h in g  methods employed? 
Did in d iv id u a l  la b o ra to ry  work encourage p u p ils  to  work h a rd e r?  Did i t  
h e lp  p u p ils  r e t a i n  f a c t s  lo n g er?  Which method was b e t te r  in  te a c h in g  th e  
p ro cesses  o f  in q u iry ,  and th e  a b i l i t y  to  so lv e  problem s? How m ight th e  
p re se n t la b o ra to ry  sp ace , fu n d s , and equipm ent be used most e f f e c t iv e ly ?  
What was th e  r e l a t i o n  between le a rn in g  and th e  u se  o f la b o ra to ry  e x e rc is e s  
in  seven th  grade g e n e ra l sc ien c e?  And f i n a l l y ,  what method o f conducting  
la b o ra to ry  work seemed to  be th e  most e f f e c t iv e  fo r  the  w r i te r ?
II. ASSUMPTIONS, DELIMITATIONS, AND LIMITATIONS
A ssum ptions. I t  w i l l  be assumed th a t  ( l )  th e  r e s u l t s  o f  p a s t  
achievem ent t e s t s ,  in te l l ig e n c e  t e s t s  and o th e r  in fo rm atio n  on th e  cumula­
t i v e  re c o rd s  o f  th e  sch o o l a re  s u f f i c i e n t ly  a c c u ra te  and show what th e y  
were in tended  to  show; (2) th e  in d iv id u a l  la b o ra to ry  method does p re s e n t  
a change in  th e  c o n d itio n s  f o r  le a rn in g , and th e re fo re  has some e f f e c t .
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good o r bad, upon th e  c h i l d 's  le a rn in g  in  sc ie n c e ; and (3) th e  groups 
compared r e p re s e n t  ty p i c a l  c la s s e s  and s tu d e n ts  in  th e  g e n e ra l sc ien c e  
program o f th e  sh co o l.
D e lim ita tio n s ,  ( l )  The s tu d e n ts  in  th e  experim en ta l group may 
have become aware o f  th e  t e s t i n g  and u n co n sc io u sly  re a c te d  to  i t .  (2)
No p r e te s t  was g iven  to  measure th e  e lem en tary  sc ien c e  background o f th e  
seventh  grade s tu d e n ts ,  (3) No f a c i l i t i e s  and l i t t l e  la b o ra to ry  eq u ip ­
ment was a v a i la b le  fo r  c a rry in g  on in d iv id u a l  la b o ra to ry  work.
L im ita t io n s . ( l )  Only seven th  grade'rs in  one Ju n io r  h ig h  schoo l
under one te a c h e r  were co n s id e re d . (2) The d a ta  analysed  were th e  r e s u l t s  
from one y ear and s ix  s p e c i f ic  u n i t s  o f s tu d y .
I I I .  DEFINITION OF TERMS USED
The ju n io r  h igh  sc h o o l. T h is term  w i l l  r e f e r  to  West J u n io r  High 
School, G reat F a l l s ,  Montana, and more s p e c i f i c a l ly  to  s tu d e n ts  in  th e  
sch o o l.
The in d iv id u a l  la b o ra to ry  work method. This method i s  th e  method 
w herein  th e  p u p ils  work s in g ly  or in  sm all groups in  the  la b o ra to ry  and 
a c tu a l ly  do th e  experim ents th em se lv es . The p u p ils  may be g iven  s p e c ia l ly  
prepared  mimeographed d i r e c t io n s  and a p p a ra tu s  fo r  th e  experim en t, b u t 
no f u r th e r  h e lp  i s  g iev n .
The d em o n stra tio n  method or th e  l e c tu re - dem onstra tion  method.
This method i s  th e  method w herein  th e  te a c h e r  perform s th e  e x p e r i­
ment in  f r o n t  o f  th e  c la s s  w ith o u t s tu d e n t p a r t i c ip a t io n .  E x p lan a tio n s  
a re  g iven to  th e  c la s s  o r a l l y  by fo llow ing  th e  mimeographed d i r e c t io n s  
v e rb a tim . The same ap p a ra tu s  i s  used in  bo th  methods.
Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
The in d iv id u a l  la b o ra to ry  work group . T his group c o n s is ts  o f th o se  
c la s s e s  a c t iv e ly  p a r t i c ip a t in g  in  la b o ra to ry  a c t i v i t i e s  and e x e rc is e s .
The l e c tu r e - d em o n stra tio n  group . T his group c o n s is ts  o f th o se  
c la s s e s  n o t p a r t i c ip a t in g  in  la b o ra to ry  a c t i v i t i e s .
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CHAPTER I I  
REVIEW OF THE LITERATURE
The q u e s tio n  o f th e  u se  o f th e  in d iv id u a l  la b o ra to ry  method o r 
th e  le c tu re -d e m o n s tra tio n  method f o r  te a c h in g  sc ien c e  has long been 
debated» Most o f  th e  re s e a rc h  on t h i s  s u b je c t  took  p la ce  n ear th e  
beg inn ing  o f th e  tw e n tie th  cen tu ry  when th e  schoo ls  were faced  w ith  th e  
n e c e s s i ty  o f te a c h in g  la rg e  numbers o f s tu d e n ts ,  o f te n  in  la rg e  c la s s e s .
As schoo ls  grow in  s iz e ,  and th e i r  f in a n c ia l  burdens in c re a s e , th e  c o s t 
o f equipm ent, s u p p lie s ,  s e rv ic e  f a c i l i t i e s ,  f u r n i t u r e ,  and s p e c ia l iz e d  
rooms becomes v e ry  im p o rtan t indeed . As D r. Hurd has po in ted  o u t, 
many schoo l a d m in is tra to rs  and s c i e n t i s t s  a l ik e  have s e r io u s ly  doubted 
th e  v a lue  o f  la b o ra to ry  w ork.^
I .  LITERATURE ON EXPERIMENTAL STUDIES IN THE HIGH SCHOOL
Most o f th e  re s e a rc h  th a t  has been c a r r ie d  on has been conducted 
in  th e  h ig h e r  g rad es  o f  th e  secondary sch o o ls  in  th e  s u b je c ts  o f  chem is­
t r y ,  b io lo g y , and p h y s ic s . There was l i t t l e  s p e c i f i c  in fo rm a tio n  on any 
s tu d ie s  t h a t  have been conducted in  th e  e lem en tary  grades and p a r t i c u l a r l y  
in  g rades seven and e ig h t .
^ u r d , op. c i t . . p . 15.
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In  one com parison o f th e  le c tu re -d e m o n s tra tio n  and in d iv id u a l
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la b o ra to ry  work method o f in s t r u c t io n ,  A nibal a ttem pted  to  determ ine 
in  an ex p erim en ta l s tu d y , u s in g  m erely  o b je c tiv e  methods, i f  adequate 
in s t r u c t io n  could be g iven  by th e  le c tu re -d e m o n s tra tio n  method a s  e f f i ­
c i e n t ly ,  i f  n o t b e t t e r  th a n  by th e  in d iv id u a l la b o ra to ry  method in  a 
h igh  sch o o l ch em istry  c la ss»  He took  two c la s s e s  th a t  were eq u a l in  
m ental a b i l i t y  and ba lanced  them by s h i f t in g  s tu d e n ts  from one c la s s  
to  a n o th e r . One c la s s  was ta u g h t by th e  re g u la r  p rocedures o f  in d iv id ­
u a l  la b o ra to ry  work and th e  o th e r  by th e  le c tu re -d e m o n s tra tio n  method 
in  which s tu d e n ts  had no c o n ta c t w ith  ap p a ra tu s  or chem ical m a te r ia ls .  
Both of th e  groups were te s te d  by u s in g  th e  same o b je c tiv e  t e s t .  When 
th e  r e s u l t s  were compared, th e  in fe re n c e  was th a t  th e  le c tu re -d e m o n s tra ­
t i o n  method c o n s is te n t ly  gave b e t t e r  r e s u l t s  a l l  th e  way th rough  th e  
s tu d y . This he b e lie v e d  was due to  th e  f a c t  th a t  th e re  was l e s s  d i s t r a c ­
t io n ,  no n o v e lty  o f ap p a ra tu s  and no s e t t in g  up o f th e  equipm ent to
perform  th e  experim en t. Among o th e r  experim en ta l s tu d ie s  w ith  s im i la r
3 Lf in d in g s  may be m entioned a  s tu d y  by C ooprider,' and one by Cunningham.^
R. E. H orton^ r e p o r ts  opposing f in d in g s  in  an e x p e rim en ta l s tu d y
2
Fred G. A nibal, " In v e s t ig a t io n s  o f D em onstration V ersus Labora­
to r y  a s  a Method o f Teaching N a tu ra l S c ie n c e ,"  N a tio n a l E duca tion  
A sso c ia tio n , A ddresses and P ro ceed in g s, 2 6 ;7 6 l-2 , 192A.
3
J .  L. C ooprider, "O ra l V ersus W ritte n  I n s t ru c t io n  and D em onstration  
V ersus In d iv id u a l Work in  High School S c ie n c e ,"  School S c ience  and 
M athem atics. 22;838-844-, 1922.
^H arry A. Cunningham, "L ab o ra to ry  Methods in  N a tu ra l S cience 
T each ing ." School S c ience  and M athem atics. 24:709-715, 1924.
% a lp h  E . H orton, M easurable Outcomes o f In d iv id u a l L ab o ra to ry  Work 
in  High School C hem istry . ÜNew Yorks Teachers C o llege , Columbia U n iv e rs ity , 
1928 1 7 ? .  97.
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which may be used to  determ ine a techn ique  f o r  t e s t in g  and measurement 
in  t h i s  s tu d y  as w e ll a s  to  p rov ide  a background o f p a s t  work in  t h i s  
a r e a .  In  o rd er to  dec ide  fo r  one schoo l how to  u t i l i z e  th e  la b o ra to ry  
to  i t s  b e s t  advan tage, he found th a t  in  th e  w r i t t e n  and n o n -w ritte n  mid­
term  t e s t s ,  th e  sco re s  o f th e  in d iv id u a l  la b o ra to ry  t r a in e d  group were 
h ig h e r th a n  th o se  tr a in e d  by th e  dem o n stra tio n  method and th a t  th e  
p u p ils  exp ressed  a p re fe re n c e  fo r  th e  in d iv id u a l  la b o ra to ry  method by a 
v o te  o f e ig h ty -se v e n  p e r  c e n t . In  suppo rt o f  th e  im portance o f  la b o ra ­
to r y  work, N oll^ found th a t  when two groups w ith  s im ila r  in s t r u c t io n  
were compared, th e  s e c tio n  having th e  g re a te r  amount of la b o ra to ry  work 
showed c o n s is te n t  s u p e r io r i ty  in  g e n e ra l achievem ent. M oreover, when 
la b o ra to ry  work was reduced from f iv e  to  th re e  hours each week, and two 
hours o f l i b r a r y  s tu d y  was s u b s t i tu te d ,  th e re  was a lo s s  in  g e n e ra l 
ach ievem ent,
7
In  c o n tra s t  to  th e  s tu d ie s  a lre a d y  m entioned, W illiam  H. W iley 
compared th e  te x tb o o k , d em o n stra tio n , and th e  in d iv id u a l la b o ra to ry  
methods used in  te a c h in g  h igh  school ch em is try . He found th a t  th e re  
was n o t a s  g re a t  a  d if f e re n c e  as  was o r d in a r i ly  supposed in  th e  v a lu es  
o f  th e  th re e  m ethods. He concludes th a t  a com bination o f th e  th re e  
methods w i l l  p ro b ab ly  g ive  th e  b e s t  r e s u l t s  in  th e  te a c h in g  o f  h i ^  school 
ch em is try .
^ V ic to r H erb ert N o ll, L abora to ry  In s t ru c t io n  in  th e  F ie ld  o f 
In o rg an ic  C hem istry . (M inneapoliss The U n iv e rs ity  o f  M innesota P re s s ,  1930), 
pp . 109-110.
7
W illiam  H. W iley, "An E xperim ental S tudy o f Methods o f Teaching 
High School C hem istry ."  The Jo u rn a l o f E d u ca tio n a l Psychology. 9 :181-198, 
A p r il,  1918.
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I I ,  LITERATURE ON HISTCRICAL SUMMARIES 
OF STUDIES IN THE HIGH SCHOOL
A h i s t o r i c a l  s tu d y  o f what had happened in  t h i s  f i e l d  o f  re s e a rc h
g
was p repared  by H arry  A, Cunningham. This summary review ed th e  
re s e a rc h  done by f i f ty - tw o  experim en ters  over a perio d  o f about tw en ty - 
f iv e  y e a rs .  Most o f th e  re s e a rc h  took  p lace  n ear th e  end o f th e  
n in e te e n th  cen tu ry  and th e  beg inn ing  o f th e  tw e n tie th  c e n tu ry . The
9
so u rces were s c a t te re d  w idely  over th e  United S ta te s .  One re s e a rc h e r  
secured d a ta  from fo u r te e n  s t a t e s .  Out of th e se  s tu d ie s ,  th e  v a r ia b le  
th a t  seemed to  have been common to  th i r ty - s e v e n  o f th e  s tu d ie s  was in  th e  
f i e l d  o f method and p e r ta in e d  to  th e  manner o f g iv in g  th e  la b o ra to ry  
ex p erien ces  in  s c ie n c e . Under one method, th e  p u p ils  gained t h e i r  e x p e r i­
ences by observ in g  experim ents o r la b o ra to ry  e x e rc is e s  th a t  were s e t  up 
and m anipulated  by someone, g e n e ra lly  th e  sc ie n c e  i n s t r u c to r .  Under th e  
o th e r  method th e  p u p ils  them selves perform ed experim ents and la b o ra to ry  
e x e rc is e s ,  made o b se rv a tio n s , and m anipulated  m a te r ia ls .  One s tu d y  covered 
a p erio d  o f two y e a rs , seven covered a p e rio d  o f one y e a r , fo u r te e n  covered 
one sem este r, and th e  o th e rs  covered le s s  th an  one sem este r. Out o f a l l  
th e  s tu d ie s  rev iew ed , on ly  one was done in  th e  e lem entary  g ra d e s .
In  th e  r e s u l t s  t h a t  were re p o r te d  by th e se  ex p erim en te rs , tw enty
g
H arry A. Cunningham, "L ec tu re  D em onstration V ersus In d iv id u a l 
Laboratory Method in  S cience  T each ing ," S c ience  E d u ca tio n . 3 0 :7 0 -8 2 , March, 
1946.
9
W. W. C a rp en te r , " C e r ta in  Phases o f A d m in istra tio n  o f High School 
C hem istry ,"  D o c to r 's  t h e s i s ,  T each ers’ C o llege , Columbia U n iv e rs ity , New 
York, c i te d  by H arry  A. Cunningham, Science E d u ca tio n , p .  70.
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d e f in i t e l y  favored  th e  le c tu re -d e m o n s tra tio n  method. S ix  favo red  th e  
in d iv id u a l la b o ra to ry  method, two b e liev ed  th e re  was no d i f f e r e n c e ,  and 
th e  o th e rs  were noncom m ittal. In  tw en ty -fo u r s tu d ie s  th a t  gave s p e c i f ic  
a t t e n t io n  to  delayed  r e s u l t s ,  such as  th e  a b i l i t y  to  so lve  problem s 
in d ep en d en tly  or develop  p ro c e sse s  o f in q u iry , te n  s tu d ie s  fav o red  th e  
le c tu re -d e m o n s tra tio n  method , e lev en  favored  th e  o th e r , and th re e  r e p o r t ­
ed no s ig n i f i c a n t  d i f f e r e n c e s .  In  seven s tu d ie s  t h a t  gave s p e c i f ic  
a t t e n t io n  to  th e  amount o f i n t e r e s t  t h a t  seemed to  be s tim u la te d  in  th e  
p u p ils  by th e  two m ethods, th r e e  s tu d ie s  favo red  th e  le c tu re -d e m o n s tra tio n  
method, fo u r favo red  th e  o th e r .  A ll f i f t e e n  o f th e  s tu d ie s  t h a t  gave 
a t t e n t io n  to  th e  tim e th a t  was re q u ire d  by each  of th e  two methods re p o r te d  
a sav ing  o f  tim e under th e  le c tu re -d e m o n s tra tio n  method. These s tu d ie s  
a l s o  in d ic a te d  th a t  s l i g h t  in d ic a t io n s  were found th a t  th e  lectu re-dem on­
s t r a t i o n  method was b e t t e r  fo r  h e lp in g  p u p ils  understand  th e  re a so n  fo r  
fo llo w in g  a c e r t a in  method o f p ro ced u re , th e  t r a i t  of s e l f - r e l i a n c e  was 
developed b e t t e r  in  s tu d e n ts  by th e  in d iv id u a l  la b o ra to ry  m ethod, th e  t r a i t  
o f a t te n t iv e n e s s  to  th e  r e a l  s c i e n t i f i c  problem  a t  hand was b e t t e r  developed 
by th e  le c tu re -d e m o n s tra tio n  method, and under t h i s  method th e  s u b je c t  was 
more f u l l y  covered . The v a lu e  o f th e  two methods in  p ro v id in g  fo r  in d iv id ­
u a l  d if f e re n c e s  was g iven  a t te n t io n  in  fo u r s tu d ie s .  One fav o red  th e  
le c tu re -d e m o n s tra tio n  method, th re e  favo red  th e  o th e r .  S e v e ra l o f th e se  
re p o rte d  t h a t  th e  le c tu re -d e m o n s tra tio n  was l e s s  expensive . Van Horne
Van Horen, "An E xperim ental Comparison o f D em onstration  and 
In d iv id u a l L abo ra to ry  Methods in  High School C hem istry ,"  M aste rs ' t h e s i s ,  
U n iv e rs ity  o f Sou thern  C a l ifo rn ia ,  Los A ngeles, 1929, c i te d  by H arry  A. 
Cunningham, S c ience  E d u ca tio n . p . 77.
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p o in ts  o u t th a t  th e  c o s t  fo r  dem onstra tion  was about 4-.4- p e r c e n t o f  th e  
c o s t o f in d iv id u a l  la b o ra to ry  work. T h ere fo re , he b e liev ed  th a t  i f  a l l  
th e  work in  h is  s tu d y  had been done by th e  le c tu re -d e m o n s tra tio n  method 
a sav ings would have been made o f approx im ate ly  95 .6  per c e n t on a p p a ra tu s , 
m a te r ia ls ,  and th e  gas and w a te r used .
In  th e  l i g h t  o f  th e  r e s u l t s  made a v a i la b le  by th e se  s tu d ie s ,  
Ounningham^^ suggested  th a t  th e  le c tu re -d e m o n s tra tio n  method should  be 
used  i f  ( l )  o rd in a ry  w r i t t e n  t e s t s  a re  to  be u sed ; (2) th e  le a rn in g  
invo lved  in  co n n ec tio n  w ith  th e  e x e rc is e  i s  com plicated  and d i f f i c u l t ;
(3) th e  a p p a ra tu s  used  i s  com plica ted , d i f f i c u l t  to  m an ip u la te , o r expen­
s iv e ;  (4.) th e  ap p a ra tu s  used  i s  s u f f i c i e n t ly  la rg e  to  be seen a t  a 
d is ta n c e ;  (5) th e  s tu d e n ts  a re  l i k e ly  to  make m istakes when w orking a lo n e ; 
(6) a la rg e  amount o f  s u b je c t  m a tte r  must be covered in  a l im ite d  tim e; 
and (7 ) su p p lie s  a re  l im ite d ,
Cunningham's su rvey  a ls o  su g g ests  th a t  th e  in d iv id u a l  la b o ra to ry  
method m ight be used  i f  ( l )  th e  la b o ra to ry  e x e rc is e s  a re  s h o r t and ea sy ;
(2) th e  a p p a ra tu s  i s  n o t to o  com plica ted ; (3) ca rin g  fo r  in d iv id u a l  
d if f e re n c e s  seems e s p e c ia l ly  d e s i r a b le ;  (4.) th e  r e s u l t s  can be e a s i l y  seen 
and understood  by th e  p u p ils  working a lo n e ; (5) s e v e ra l o b se rv a tio n s  a re  
to  be made over a  p e rio d  o f  many days o r w eeks; and (6) one d e s ire d  o u t­
come of th e  program i s  th e  developm ent of la b o ra to ry  s k i l l s ,  o r th e  a b i l i t y  
to  so lv e  la b o ra to ry  problem s.
11Cunningham, op, c i t , , p . 80-82,
R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
- 1 2 -
S t u i t  and E n g le h a rt, in  t h e i r  summary o f methods in  te a c h in g  
h igh  schoo l ch em is try , favored  n e i th e r  method b u t in s is te d  th a t  i t  
would have been b e t t e r  to  have had th e  dem onstra tion  group ta u g h t by a 
te a c h e r  e s p e c ia l ly  good in  d em o n stra tio n  and th e  la b o ra to ry  group 
ta u g h t by an o th e r te a c h e r  who was e q u a lly  good in  conducting  in d iv id ­
u a l  la b o ra to ry  work.
I I I .  LITERATURE ON STUDIES IN THE ELEMENTARY SCHOOL
Very l i t t l e  s p e c if ic  in fo rm a tio n  concern ing  th e  s,omparison o f
th e  le c tu re -d e m o n s tra tio n  and th e  in d iv id u a l la b o ra to ry  work method in
13th e  elem en tary  schoo l i s  a v a i la b le ,  Jacq u e lin e  Buck, in  a h i s t o r i c a l  
s tu d y , a ttem p ted  to  summarize th e  f in d in g s  of a l l  re c e n t re s e a rc h  in  
th e  te a c h in g  o f e lem en tary  sc ien c e  pub lished  from 1929 to  1952. The 
q u e s tio n  o f method o f la b o ra to ry  work was om itted  and she concluded th a t
one a rea  in  p a r t i c u la r  th a t  needed to  be in v e s t ig a te d  was, " th e  u se  o f
lAla b o ra to ry  e x e rc is e s  on th e  e lem en tary  le v e l . "
Dewey B. S tu i t  and îfex D. E n g le h a rt, "A C r i t i c a l  Summary o f th e  
R esearch  on th e  L ectu re-D em onstra tion  V ersus In d iv id u a l Methods in  
Teaching High School C hem istry ,"  Science E d u ca tio n . 16:380-391, O ctober, 
1932.
13 Ja c q u e lin e  V. Buck, " Im p lic a tio n s  o f  R ecent R esearch in  th e  
Teaching o f S c ience  a t  th e  E lem entary  School L evel,"  S cience E d u ca tio n . 
38 :81-101 , F eb ru ary , 1954.
^ I b i d . .  p .  100,
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CHAPTER I I I  
METHOD OF PROCEDURE
COLLECTION OP DATA;
D eterm in a tio n  o f in te l l ig e n c e  q u o t ie n t . A ll seven th  g ra d e rs  
e n te r in g  West Ju n io r  High School were given a b a t te r y  of t e s t s  to  h e lp  
th e  sch o o l s t a f f  meet t h e i r  needs more e x a c tly .  The O tis Beta Quick 
S co rin g  M ental A b il i ty  T est was used as  a  measure fo r  determ in ing  t h e i r  
in te l l ig e n c e  q u o t ie n ts ,
S e le c tio n  o f th e  c o n tro l and experim en ta l g roups. When th e  t e s t  
sco re s  had been analyzed th e  te a c h e r  decided  what c la ss e s  were to  be in  
th e  ex p erim en ta l in d iv id u a l  la b o ra to ry  work group and th e  l e c tu r e -  
d em onstra tion  groups by random sam pling . Randomness here  was p rov ided  
fo r  by draw ing ou t o f a h a t  s im ila r  and w ell-shaken -up  s l i p s  o f paper 
co n ta in in g  th e  number o f th e  c la s s  s e c t io n .  The f i r s t  th re e  s l i p s  drawn 
ou t o f  th e  h a t  made up th e  c o n tro lle d  or le c tu re -d e m o n s tra tio n  g roup .
The rem ain ing  s l i p s  made up th e  experim en ta l or in d iv id u a l la b o ra to ry  
work group . Each group was made up o f th re e  c la s s e s  of sev en th  grade 
sc ien ce  s tu d e n ts .  Both groups rece iv ed  th e  same classroom  in s t r u c t io n  
from th e  same te a c h e r .  The on ly  d if fe re n c e  was th e  method in  which th e  
la b o ra to ry  e x e rc is e s  were perform ed. In  th e  le c tu re -d e m o n s tra tio n  group 
th e  la b o ra to ry  work was perform ed by th e  te a c h e r ;  th e  s tu d e n ts  l i s t e n e d  
and watched e i th e r  from th e i r  s e a ts  or from th e  p e rip h e ry  o f th e  demon­
s t r a t i o n  t a b l e .  In  th e  in d iv id u a l  la b o ra to ry  work group, the  work was
-13 .
R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
—1/4.“
p resen ted  by th e  in d iv id u a l  la b o ra to ry  work method in  which th e  s tu d e n ts  
perform  a s  many o f  th e  a c t i v i t i e s  as  p o s s ib le  by fo llo w in g  e i th e r
w r i t te n  o r o r a l  in s t r u c t io n s  from th e  te a c h e r .
The p r e te s t s  and f i n a l  t e s t s . Before a u n i t  was s tu d ie d , a p re ­
t e s t  made up o f  rev iew  q u e s tio n s  suggested  by th e  au th o r o f th e  tex tb o o k  
was ad m in is te red  to  each g roup .^  The u n i t  was th en  s tu d ie d  and a t  th e  
co nclu sion  o f th e  u n i t ,  a teacher-m ade o b je c tiv e  t e s t  was g iv en . The
r e s u l t s  o f th e  f i n a l  u n i t  t e s t s  were used a s  th e  b a s is  o f com parison of
th e se  g roups. Both groups were g iven  d a i ly  reading, assignm ents and 
asked to  w r i te  o u t th e  answers to  th e  q u e s tio n s  a t  th e  end of each s e c t io n  
in  t h e i r  t e x t s .
The u se  o f ex p erim en ts . There were fo r ty - f o u r  experim ents used in  
th i s  s tu d y . T h ir ty - fo u r  o f th e se  were com pleted by th e  in d iv id u a l  la b o ra ­
to r y  work group; te n  were dem onstrated  to  b o th  groups by th e  te a c h e r  
because o f t h e i r  dangerous o r complex n a tu re .  One experim ent n o t in c lu d ed  
in  th e  f o r ty - f o u r  m entioned above was perform ed by everyone in  an e f f o r t  
to  d e te c t  d if f e re n c e s  such a s  p re fe re n c e s  o f method and problem  so lv in g  
a b i l i t y .
U nit a c t i v i t i e s . One experim ent used in  the  f i r s t  u n i t  on f i r e  was 
dem onstrated  to  bo th  groups because i t  was b e liev ed  to  be too  dangerous 
to  be perform ed by u n s k il le d  s tu d e n ts .  (Hydrogen was genera ted  by u s in g  
z in c  and a c i d . )  E ig h t experim ents were used in  th e  s tudy  o f t h i s  u n i t .  
Seven experim en ts were completed by th e  in d iv id u a l la b o ra to ry  work group.
^ I r a  D av is , John B u rn e tt, and E. Wayne G ross, S cience O bservation  
and Experim ents (New York: Henry H olt and Company, I n c . ,  1958).
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In  th e  n e x t la n it on w a te r, f iv e  experim ents were done independen tly  
by th e  in d iv id u a l  la b o ra to ry  work group. Three were dem onstrated  by 
th e  te a c h e r  to  bo th  g roups. These were ( l )  a dem onstra tion  o f th e  w ate r 
cy c le  u s in g  a te r ra r iu m , (2) th e  d i s t i l l a t i o n  of f r e s h  w ate r from  s a l t  
w a te r , and (3 ) how w ate r vapor forms c lo u d s , o r th e  making of a cloud 
in  a b o t t l e .
The n ex t u n i t  on w eather d id  no t have as  many a c t i v i t i e s  t h a t  
could be com pleted in d iv id u a l ly  by th e  la b o ra to ry  group. However, a f t e r  
th e  p r e t e s t ,  th e  la b o ra to ry  group d id  com plete a c t i v i t i e s  dem o n stra tin g  
convec tion  c u r r e n ts ,  d if fe re n c e s  in  h e a tin g  due to  th e  ang le  o f th e  s u n 's  
r a y s ,  how a hygrom eter w orks, and in  sm all groups o f  th re e  to  f i v e ,  th e  
s tu d e n ts  w ere re sp o n s ib le  fo r  b u ild in g  and e x p la in in g  th e  o p e ra tio n  o f 
th e  v a r io u s  w eather-m easuring  in s tru m e n ts . S ix  experim ents were com pleted; 
th re e  were dem onstra ted  to  b o th  groups by th e  te a c h e r .
The u n i t  on sound le n t i t s e l f  to  a few more d em o n stra tio n s . These 
could be perform ed in  c la s s  and in d iv id u a l ly  by th e  la b o ra to ry  g roup . In  
an a c t i v i t y  designed  to  prove th e  n e c e s s i ty  o f  a i r  f o r  sound, th e  la b o ra ­
to r y  group worked in  groups o f f iv e  w ith  th e  b e l l  j a r .  The same groups 
were used to  de term ine  ( l )  how sound waves could be c o n tro l le d , (2) why 
some sounds a re  p le a s in g  and o th e rs  a re  n o t, and (3) how some m u sica l 
in s tru m en ts  make sound by a v ib r a t in g  s t r i n g ,  a column o f a i r ,  o r th e  
v ib r a t io n  o f a diaphragm . In  a l l ,  f iv e  experim ents were com pleted . The 
in d iv id u a l  la b o ra to ry  work group was a b le  to  com plete a l l  o f th e s e .
The u n i t  on magnetism seemed to  have th e  g r e a te s t  number o f o b je c ts  
th a t  could be h e ld , looked a t ,  o r m anipu lated  by th e  s tu d e n ts .  E ig h t 
experim ents w ere used  in  t h i s  u n i t  and a l l  o f th e se  seemed to  be easy  f o r
Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
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th e  in d iv id u a l  la b o ra to ry  work group to  perform .
The f i n a l  u n i t  th a t  was s tu d ie d  was one on l i g h t .  This u n i t  was 
s l i g h t l y  d i f f e r e n t  from th e  o th e rs  in  th e  re s p e c t  th a t  one experim ent 
was perform ed by a l l  th e  s tu d e n ts  u s in g  th e  in d iv id u a l la b o ra to ry  work 
method. The same d u p lic a te d  in s t r u c t io n s  and equipment was g iven  to  a l l  
th e  c l a s s e s .  This was done in  an e f f o r t  to  d e te c t  any d if f e re n c e s  such 
a s  p re fe re n c e  o f method and p rob lem -so lv ing  a b i l i t y  between th e  e x p e r i­
m ental and c o n tro l  g roups, (See Appendix B ,)
D isco v erin g  a t t i t u d e s  toward method o f in s t r u c t io n . A fte r  l e t t i n g  
th e  c o n tro l  group experience  in d iv id u a l  la b o ra to ry  work, everyone was 
asked to  answer te n  q u es tio n s  th a t  had been p repared  by th e  te a c h e r  a s  a 
p o l l  o f  t h e i r  a t t i t u d e s  toward th e se  two methods o f in s t r u c t io n .  (See 
Appendix B.)
D isco v erin g  d if fe re n c e s  in  problem  s o lv in g . In  an e f f o r t  to  
measure any  d if f e re n c e s  in  problem  s o lv in g , an experim ent th a t  had n o t 
been perform ed by any o f th e  s tu d e n ts  was s e le c te d .  The s tu d e n ts  were 
asked to  re a d  th e  in s t r u c t io n s  and th en  proceed as b e s t th e y  could  in  th e  
tim e a l l o t t e d .  This experim ent was concerned w ith  u s in g  concave and 
convex m irro rs  and making c e r ta in  o b se rv a tio n s  w ith  them concern ing  the  
way in  which l i g h t  was r e f l e c te d .
R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER IV 
TREATMENT OF DATA
To determ ine w hether th e  d if f e re n c e s  between th e  two groups on 
t h e i r  f i n a l  t e s t s  were s ig n i f i c a n t  and to  measure any d if f e re n c e s  
between th e  two methods o f in s t r u c t io n ,  i t  was decided  to  compare th e  
d a ta  c o l le c te d  from th e  r e s u l t s  of th e  f i n a l  u n i t  t e s t s  o f th e  groups 
by th e  method o f "= e q u iv a le n t groups.'*^
I .  THE METHOD OF EQUIVALENT GROUPS
E q u iv a le n t g ro u p s. In  th e  method of e q u iv a le n t g roups, more 
s p e c i f i c a l ly  known as  "m atching by p a i r s , "  each person  in  th e  f i r s t  group 
was matched w ith  a person  in  th e  second group by I .  Q ., t e s t  s c o re , o r some 
o th e r  c h a r a c t e r i s t i c .  This p rocedure  made p o s s ib le  s e t t in g  o f f  th e  e f f e c t s  
o f one o r more e x p e rim e n ta lly  v a r ie d  c o n d itio n s  a g a in s t  th e  absence o f 
th e  same v a r ia b le  in  th e  c o n tro l  group.
M atching th e  g roups. The m atching h e re  was accom plished in  two 
ways. In  th e  f i r s t  com parison o f f i n a l  t e s t  s c o re s ,th e  in te l l ig e n c e  quo­
t i e n t s  o f  s tu d e n ts  in  th e  le c tu re -d e m o n s tra tio n  group and th e  in d iv id u a l  
la b o ra to ry  work group were m atched. In  th e  second com parison o f  f i n a l  
t e s t  s c o re s , th e  p r e te s t  sco res  o f  th e  s tu d e n ts  in  each group were m atched. 
An a ttem p t was a ls o  made to  compare th e  f i n a l  t e s t  sco res  o f th o se  i n  each 
group who had th e  same I .  Q. and p r e t e s t  s c o re . However, t h i s  proved to
^ a r r y  E . G a r re t t ,  S t a t i s t i c s  in  Psychology and E ducation  ( f i f t h  
e d i t io n ;  New Yorks Longmans, Green and Company, 1958), p'. 228.
-17-
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be u n s a t i s f a c to r y  because o f th e  ex trem ely  few cases In  which th e se  
c o n d itio n s  e x is te d .  The people in  each group who had e x a c tly  th e  same 
in te l l ig e n c e  q u o tie n ts ,  a s  measured by th e  O tis  Beta Quick S co rin g  
M ental A b i l i ty  t e s t ,  were matched f i r s t .  Those w ith  a v a r ia t io n  of one 
p o in t were th e n  matched and added to  th e  id e n t i c a l ly  matched p a i r s  to  
make p o s s ib le  as la rg e  a sample as could be o b ta in e d . Tw enty-nine p a i r s  
were matched e x a c t ly .  Twenty-two p a i r s  whose in te l l ig e n c e  q u o tie n ts  d i f ­
fe re d  by one p o in t were added. This b rought th e  number o f  matched p a i r s  
to  f i f ty -o n e  o u t o f a p o s s ib le  sev en ty -sev en . One hundred s ix ty  s tu d e n ts  
p a r t i c ip a te d ,  b u t some were made in e l ig ib le  by th e  l im i ts  e s ta b l is h e d  
e a r l i e r .  Some s tu d e n ts  had been ab se n t and had m issed th e  p r e t e s t ,  f i n a l  
t e s t ,  or I .  Q. t e s t .
I I .  STATISTICAL ANALYSIS OF THE FINAL TEST 
SCORES AND MATCHING BY I .  Q.
F ind ing  th e  mean. To beg in  th e  com parison of th e  f i n a l  s c o re s , 
based on th e  matched in te l l ig e n c e  q u o tie n ts  o f s tu d e n ts , th e  sc o re s  o f 
th e se  p a r t i c u la r  s tu d e n ts  were assem bled. The a r i th m e tic  means fo r  th e  
p r e te s t  and f i n a l  t e s t  on th e  f i r s t  u n i t  were computed. The e x a c t a rith m e­
t i c  means were found by adding th e  sco res  and d iv id in g  th e  sum by th e
2
number o f matched p a i r s  o f s c o re s .  G a r r e t t ’ s form ula fo r  f in d in g  th e  
a r i th m e tic  mean o f ungrouped d a ta  was u sed . The form ula i s :
M = ^
N
^ I b id . .  p . 27.
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The mean a s  u sed  In  t h i s  s tu d y  was regarded  as  a ty p ic a l  o r r e p re s e n ta ­
t i v e  p o in t  in  th e  d i s t r i b u t io n  around which th e  r e s t  o f th e  sco re s  seem 
to  c l u s t e r ,  o r g a th e r  in  a d i s t r i b u t io n  no t b ad ly  skewed.
F ind ing  th e  s tan d ard  d e v ia t io n . The s tan d ard  d e v ia tio n  on th e  
sco res  o f  th e  f i n a l  u n i t  t e s t s  was n ex t found by c a lc u la t io n  o f th e  
s tan d ard  d e v ia t io n  d i r e c t l y  from th e  ungrouped s c o re s . T his was done in  
an a ttem p t to  g e t  a measure o f th e  degree o f sp read  o f  th e  sco re s  around 
th e  mean, and i t  was needed fo r  fu tu re  u se  in  f in d in g  th e  s ta n d a rd  e r ro r  
o f means, th e  s tan d a rd  e r ro r  o f th e  d if f e re n c e  between th e  means, and in
c a lc u la t in g  th e  c r i t i c a l  r a t i o .  The form ula used  to  f in d  th e  s ta n d a rd
3d e v ia tio n  was th e  same as used by G a r re t t  f o r  an ungrouped s e t  o f  d a ta .
The form ula i s  :
t<r -
N
The d e v ia tio n s  of th e  se p a ra te  sco res  from  th e  exac t a r ith m e tic  mean were 
ta b u la te d .  Each o f  th e se  was then  sq uared . The square ro o t  o f  th e  sum 
o f th e  squared  d e v ia t io n s ,  d iv id ed  by th e  number of matched p a i r s ,  (n) ,  
y ie ld ed  th e  s tan d ard  d e v ia tio n  fo r  th e  r e s u l t s  o f th e  f i n a l  t e s t  s c o re s .
F ind ing  th e  s tan d ard  e r r o r . To f in d  th e  s tandard  e r r o r  o f th e
means o f  th e  f i n a l  t e s t s ,  G a r r e t t ’s'^ form ula fo r  th e  stan d ard  e r r o r  o f  th e
mean was u se d . I t  i s :
3
I b id . . p . 50. 
^ I b ld . ,  p .  185.
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This was com putated to  h e lp  in d ic a te  what d if f e re n c e s  tip to  th e  s iz e  
o f s ix ty - e ig h t  chances ou t o f  one-hundred could be expected  to  be due 
to  chance, or to  f o r e c a s t  th e  param eters  or l im i t s  to  which our s t a t i s ­
t i c s  h e re , th e  sample means, sp read  or c lu s te r  around th e  f ix e d  p o p u la tio n  
mean. I t  could a ls o  be though t o f  as a measure o f th e  s t a b i l i t y  o r t r u s t ­
w o rth in ess  o f  a sample mean, a s  th e  s tan d ard  d e v ia tio n  o f a d i s t r i b u t io n  
o f  sample means around th e  f ix e d  mean o f a p o p u la tio n , o r as a measure o f 
th e  amount by which th e  sample means d iv e rg e  from th e  o v e r - a l l  p o p u la tio n  
mean.
F in d in g  th e  c o r r e l a t i o n . The c o r r e la t io n  ( r )  between th e  f i n a l
5
t e s t  sco re s  was th en  found by th e  “ d if fe re n c e  form ula m ethod." The d i f ­
fe ren ce  form ula i s  :
The c o r r e la t io n  found was th e  c o r r e la t io n  between th e  matched p a i r s  o f  th e  
f i n a l  sc o re s  o f  th e  le c tu re -d e ra o n s tra tio n  and in d iv id u a l la b o ra to ry  work 
g roups, matched in  term s o f in te l l ig e n c e  q u o tie n ts .  This form ula was 
employed so  t h a t  no c ro s s -p ro d u c ts  needed to  be computed. The d e v ia t io n s  
from  th e  a c tu a l  means th a t  had a lre a d y  been found f o r  c a lc u la t io n  o f  th e  
s tan d ard  d e v ia t io n s  were u se d . The d if fe re n c e  o f th e se  d e v ia tio n s  o f th e  
two groups were th e n  found by s u b s t r a c t in g  a lg e b r a ic a l ly  each (Y) d e v ia tio n  
from  i t s  co rrespond ing  (X) d e v ia t io n .  These d if fe re n c e s  w ere th e n  squared  
and en te red  in  th e  (d f)  column where th e y  were added and s u b s t i tu te d  in to  
th e  form ula a lre a d y  g iv en .
5I b id . . p .  145.
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The s tan d ard  e r r o r . The s tan d ard  e r r o r  o f th e  d if fe re n c e  between 
th e  means on th e  f i n a l  t e s t  could th en  be found by u s in g  th e  fo llo w in g
ï / /  + /
T his was done to  measure th e  degree  o f spread  o f th e  sco res  around th e  
p o p u la tio n  means.
The c r i t i c a l  r a t i o . The d if fe re n c e  found was te s te d  by th e  " t"  
r a t i o ,  o r c r i t i c a l  r a t i o ^  form ula shown below.
M, -  %
C. R, = — i ------- — ----
SE^
g
Table D was th e n  used  to  determ ine w hether th e  v a lu e  found f o r  th e  c r i t i ­
c a l  r a t i o  was s ig n i f i c a n t  o r n o t .  This ta b le  con tained  th e  l im i t s  th a t  
t h i s  d if f e re n c e  could occur by chance 68, 90 , 95, 98, or 99 tim es ou t o f 
100.
P re s e n ta t io n  o f  d a t a . The r e le v a n t d a ta  o f th e  s ix  u n i t s  s tu d ie d , 
where th e  m atching was accom plished by I .  Q. s c o re s ,a re  p re sen te d  in  
Table I . ,  p . 22^
Summation o f f in d in g s  when groups were matched ^  I_̂  ^  The 
c r i t i c a l  r a t i o  o f th e  u n i t  on w ater was th e  on ly  one out o f th e  s ix  s tu d ie d  
t h a t  was found to  be s ig n i f i c a n t  a t  th e  .05 l e v e l .  While th e re  was a
^ I b id . .  p . 228. 
'^I b id . . p . 215. 
^ I b id . . p . 4-4-9.
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TABLE I
THE CRITICAL RATIO OF INITIAL AND FINAL TEST SCORES 
WHEN THE MATCHING IS  DONE BY I .Q .
UNIT
Groups
FIRE 
(X) (Y)
WATER 
(X) (Y)
WEATHER 
(X) (Y)
SOUND 
(X) (Y)
LIGHT 
(X) (Y)
MAGNRETISM 
(X) (Y)
51Ntmber o f  m atched p a i r s  S i 
M 's from p r e t e s t s  S.2U
M's from f i n a l  t e s t s  3S.7S 36.96 32.76 3S.08
S.D. on f i n a l  t e s t s  9 .69  8 .SU 7.32 S»79
Gain (î^-Mj^) M 's o f  A n a l
Si Si Si SiSi Si Si Si 
U.88 16 .SI 16.21  1 7 .2U 18 .L7 16.2S 1 7 .2k 18.68 17.98 lU.SO 12.82
33.60  3U.96 38.20 39.90 l 6 .0  l8 .S  32.37 31.S8
6.32 S.U9 3.90 U.8U
t e s t
S E ^ ,f in a l t e s t s
C o rre la tio n  betw een 
A n a l  sc o re s  
m atched by I .Q .
1.21 
1 .3 6  1 .19
SE^
C.R.
,73  
.9S 
1 .27
l e v e l  o f  s ig n iA c a n c e  >  .10
2.31  
1 .0 3  .81
.79
«63
3.67
.01
8.U3 7.U8
1.36 
1 .1 8  I.OS
.73
.83
l . lU
>.10
1 .70  
.88S .768
.63
.72
l.lS 
>  .10
2 . So 
.SS .68
.69
.SO
1.88
.10
U.71 S.UO
-.79  
.6S9 .7S6
.68
.S3
1.U9
> .1 0
*M, = (X) “ c o n t ro l le d  o r  Lec tu re -d e m o n s tra tio n  Group. 
Mg -  (T) = ex p erim en ta l o r  L ab o ra to ry  Work Group.
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s l i g h t  g a in  made in  each u n i t  by th e  la b o ra to ry  work group, in  only  one 
in s ta n c e  does th e  g a in  seem to  be la rg e  enough th a t  one may f e e l  re a s o n ­
a b ly  c e r ta in  t h a t  th e  in d iv id u a l  la b o ra to ry  work method had a s ig n i f i c a n t  
e f f e c t  i n  s t im u la t in g  th e  perform ance o f th e se  seven th  grade sc ien c e  
s tu d e n ts .  M oreover, th e  means o f  th e  p r e t e s t  sco res  were n o t a s  c lo se  as 
had been hoped and m ight in d ic a te  th a t  th e  p a ir in g  o f  sco res by i n t e l l i ­
gence q u o tie n ts  was n o t as s a t i s f a c to r y  as  i t  m ight have been .
I I I .  STATISTICAL ANALYSIS OF FINAL TEST SCORES 
AND MATCHING BY EXACT PRETEST SCORES
In  an a tte m p t to  avoid  marking a  s ig n i f i c a n t  f in d in g  n o t s i g n i f i ­
c a n t, o r a n o n -s ig n if ic a n t  f in d in g  as being  s ig n i f i c a n t ,  th e  method of 
e q u iv a le n t groups was used a g a in . However, in  th i s  in s ta n c e , th e  method 
p a i r s  were matched in  term s o f th e  e x a c t p r e t e s t  s c o re . I t  was b e lie v e d  
th a t  th e  p r e t e s t  sco re s  in  t h i s  s tu d y  were due to  background more th a n  
in te l l ig e n c e  q u o tie n t .  These sco res  were then  su b jec ted  to  th e  same 
procedure used  b e fo re .
M atching in  u n i t s . For th e  f i r s t  u n i t ,  f i f t y - s i x  p a i r s  ou t o f a 
p o s s ib le  sev en ty -sev en  were p a ire d  c h ild  fo r  c h ild  by th e  sco res  th e y  
re c e iv e d  on th e  f i r s t  p r e t e s t .  In  s e le c t in g  th e  p a i r s ,  a l l  o f th e  p u p ils  
in  th e  le c tu re -d e m o n s tra tio n  group were l i s t e d  a long  w ith  t h e i r  p r e t e s t  
s c o re . These were th en  matched w ith  a s  many members of th e  o th e r  group as 
p o s s ib le .  This rem atching  was re p e a te d  fo r  each u n i t  s tu d ie d . The r e s u l t s  
a re  p re sen te d  in  Table I I . ,  p . 2A-.
Summation o f f in d in g s  when groups were matched by p r e te s t  s c o re .
The d a ta  c o l le c te d  in  t h i s  com parison seemed to  in d ic a te  th a t  th e re  may
Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
CD■D
O
Q.
C
g
Q.
■D
CD
% TABLE II
o THE CRITICAL RATIO OF INITIAL AND FINAL TESTS SCORES
5 WHEN THE MATCHING IS DONE BY PRETEST SCORE
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(O'3"
i3
CD
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CD
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UNIT
Group*
FIRE 
(X) ( Ï )
WATER 
(X) (T)
WEATHER 
(X) (Y)
SOUND 
(X) (T)
LIGHT 
(X) (T)
MAGNETISM 
(X) (Y)
P a ir s  o f  c h i ld re n 56 56 57 57 52 52 k7 k7 52 52 52 52
M’s from p r e t e s t s b .9  a . 9 16 .21  16.21 16 .5  1 6 .5 1 6 .k9 1 6 .k9 8 .k3  8 .k3 13.27 13.27
M 's from f i n a l  t e s t s 32.59 37.66 30 .0  35.35 32 .3  3L.6 37.8 38.8 I k . 8 18.2 31.32 31.9k
S.D. on f i n a l  t e s t s 10 .07  8.2 7 .8  5 .5 9 .1  7 .6 6 .2  5 .6 3 .8  3 .k 5 .0k  k .70
Gain (M2-M]_) M 's o f  
f i n a l  t e s t 5 .07 . 5 .35 2 .3 1 .0 3 .k .62
SE^ f i n a l  t e s t  m 1 .3 k  1 .09 I.OU .73 1 .2 6  1 ,06 .91 .83 .53  .k7 .70  .65
C o r re la t io n  between 
f i n a l  s c o re s  matched 
by p r e t e s t  .65 o56 .68 .83 .75 .69
. 1 .03 1 .23 .9 k .50 .357 .53
C.R. a .9 2 a .3 5 2 .kk 1 .98 9 .5 0 1.17
le v e l  o f  s ig n if ic a n c e  .01 .01 .02 .05 .01 >  .10
A)
T
M “ (X) = c o n tro l  o r  L ec tu re -d em o n stra tio n  Group. 
Mg * (Y) = ex p erim en ta l o r  L ab o ra to ry  Work Group,
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have been a s ig n i f i c a n t  gain  no t due to  chance in  f iv e  o f th e  s ix  u n i t s  
o f s tu d y . T h is was q u ite  d i f f e r e n t  from th e  r e s u l t s  rece iv ed  from  th e  
com parison o f f i n a l  sc o re s  when th e  m atching was done by m atching i n t e l l i ­
gence q u o t ie n ts .  However, one might r e c a l l  t h a t  th e  d a ta  o f Table I  
in d ic a te d  an in c re a se  in  th e  mean o f  th e  f i n a l  t e s t  sco res o f th e  la b o ra ­
to r y  work group in  a l l  b u t th e  l a s t  u n i t  o f s tu d y . These g a in s ,  however, 
were no t g re a t  enough to  be s ig n i f i c a n t  a t  th e  .05 or .01 le v e ls  excep t 
fo r  one u n i t ,  th e  u n i t  on w a te r . T h e re fo re , th e  o th e r g a in s  could n o t be 
sa id  to  be due to  any th ing  except chance.
D iscovering  p u p il  p re fe re n c e  o f la b o ra to ry  method. In  an e f f o r t  
to  measure o r determ ine th e  p u p ils* p re fe re n c e s  o f the la b o ra to ry  method 
employed, th e  la b o ra to ry  work group and th e  le c tu re -d e m o n s tra tio n  group 
w ere g iv en  an o p p o rtu n ity  to  exp ress  t h e i r  p re fe re n c e s  by answ ering  te n  
yes and no q u e s tio n s  p repared  by th e  te a c h e r .  (See Appendix B .) These 
q u e s tio n s ,  i t  was hoped, would re v e a l  th e  s tu d e n ts ’ p re fe re n c e s  and a t t i ­
tu d es  p e r ta in in g  to  th e  method o f la b o ra to ry  work th a t  th e y  l ik e d  m ost, 
w hether th e y  lik e d  doing la b o ra to ry  work, what kind of in s t r u c t io n s  th e y  
p r e f e r r e d ,  and under which method th ey  worked th e  h a rd e s t and b e s t  u n d er­
stood th e  m a te r ia l  p re s e n te d . The compiled r e s u l t s  o f th e  q u e s tio n n a ire  
a re  p re sen te d  in  Table I I I . ,  p . 26,
D isco v erin g  d if fe re n c e s  in  problem  s o lv in g . In an  e f f o r t  to  
measure d if f e re n c e s  in  re s o u rc e fu ln e s s  a t  so lv in g  a  la b o ra to ry  problem , 
an experim ent which had no t been done in  c la s s  b e fo re  was s e le c te d .
(See Appendix B, P a r t  I I . )  This experim ent was concerned w ith  u s in g  concave 
and convex m irro rs  and making c e r ta in  o b se rv a tio n s  concerning th e  way in  
which l i g h t  i s  r e f l e c t e d .  T his experim ent d id  n o t appear in  th e  r e g u la r
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PREFERENCES OF LABORATORY METHOD EMPLOYED
8
(O'
INDIVIDUAL LABORATORY 
WORK GROUP
LECTURE DEMONSTRATION 
GROUP
Q uestions?
P er c e n t who 
answered 
Yes
P er cen t who 
answered 
No
P er c e n t who 
answered 
Yes
P er c e n t who 
answered 
No
3
3"
CD
CD
■ D
O
Q .
C
ao3
"Oo
CD
Q .
■D
CD
C/)CO
1 . Do you en jo y  doing la b o ra to ry  work more than  
w atch ing  th e  experim ent be ing  perform ed by 
+he te a c h e r?
2o Do you u n d e rs tan d  th e  experim ent b e t t e r  when 
th e  te a c h e r  does i t  th an  when you do i t  
y o u rs e lf?
3* Do you p r e f e r  to  have th e  te a c h e r  do a l l  th e  
experim en ts o r  d em onstra tions?
ii. Do you p r e f e r  to  have a l l  in d iv id u a l  la b o ra -  
to r y  work,
5 .  Do you th in k  th a t  you co u ld  le a r n  as  much 
from a  s im i la r  course  w ith  no accompanying 
la b o ra to ry  work?
6 . Do you th in k  th a t  hav ing  in d iv id u a l  la b o ra ­
to r y  work encourages you to  work h a rd e r?
7» Do you th in k  t h a t  having  in d iv id u a l  la b o ra to ry  
work h e lped  in c re a s e  your i n t e r e s t  i n  sc ien ce?
8 , Do you th in k  t h a t  in d iv id u a l  la b o ra to ry  work 
h e lp ed  you to  remember th e  f a c ts ?
9 . Do you th in k  th a t  w a itin g  to  do th e  experim ent 
i s  to o  t i r i n g ?
10 , Do you p r e f e r  w r i t t e n  to  o r a l  in s t r u c t io n s ?
6U
70
3?
27
12
Ih
78
83
30
la
36
30
6S
73
88
26
22
17
70
^9
71
72 
36
31;
8
76
81
80
28
i;2
29
28
66
66
92
2h
19
20
72
$8
N -  l6o
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tex tbook  and i t  i s  no t l i k e ly  th a t  anyone had the  occasion  to  f a m i l ia r iz e  
them selves w ith  t h i s  in fo rm a tio n . Some su g g es tio n s  fo r  an  e x e rc is e  
s im ila r  to  th e  one used appear in  th e  UNESCO Source Book fo r  S cience 
T each ing .^  The s tu d e n ts  were asked to  dem onstrate  by drawing i l l u s t r a ­
t io n s  o r by t e l l i n g  th e  exam iner o r a l ly  how they  would proceed to  do th e  
experim en t. By t h e i r  i l l u s t r a t i o n s  or v e rb a l r e p l i e s ,  th e  exam iner, t h e i r  
te a c h e r ,  decided  w hether th ey  had s u c c e s s fu lly  completed the  experim en t.
The fo llo w in g  d a ta  were c o lle c te d  and ta b u la te d  a s  shown in  Table IV ., p .  28.
IV. STATISTICAL ANATISIS OF THE PRECENT OF 
SUCCESSES IN PROBLEM SOLVING
The t o t a l  p e r cen t o f successes  in  th e  la b o ra to ry  work group was 
s l i g h t l y  g re a te r  th a n  th e  t o t a l  per c e n t of su c cesse ss  in  th e  l e c tu r e -  
d em o n stra tio n  group. In an e f f o r t  to  determ ine w hether t h i s  in c re a s e  was 
s ig n i f i c a n t  o r n o t, th e  s tan d ard  e r ro r  o f  th e  p ercen tage  was computed by 
th e  eq u a tio n  used by G e rre tt^ ^  which fo llow s?
N
i s  th e  p e r  cen t occurrence o f  th e  b eh av io r, "'Q'* i s  ( l - P ) ,  and N i s  
th e  s iz e  o f  th e  sam ple. To e s tim a te  '■?**, one must pool = 75% and 
Pg = 6A%. a pooled e s tim a te  o f F was ob ta ined  from  th e  eq u a tio n  below^^
P = N i Pq + Ng ?2
^UNESCO Source Book f o r  Science Teaching (U nited N ations E d u ca tio n a l 
S c i e n t i f i c  and C u ltu ra l O rg an iza tio n , P a r is :  1959), p . 177.
^ ^ G a rre tt ,  op. c i t . . p . 235.
11
I b i d . .  p . 235.
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TABLE IV
DIFFERENCES IN PROBLEM SOLVING 
ON ONE EXPERIMENT
S cience C lass  
S ec tio n  Number
Number o f  P u p ils  
in  C lass S uccesses F a ilu re s
P er Cent 
o f  S uccesses
8 -  1 (Y)* 27 23 It 85
s -  2 (X) 25 18 7 72
8 -  3 (I) 30 25 5 83
s -  U (Y) 2U 12 12 50
S -  5 (X) 26 18 8 70
8 -  9 (Y) 28 16 12 57
T o ta l P er Cent o f  Successes in  la b o ra to ry  work group (X) = '\S% 
T o ta l P e r  C ent o f  Successes in  le c tu re -d e m o n s tra tio n  group (Y) =
*(Y) = c o n tro l  g roup.
(X) = E3q)erimental group.
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Once P has been found, the  SE o f th e  d if fe re n c e  between th e se  two p e rc e n t-
12ages was found by s u b s t i tu t io n g  P and Q in to  th e  fo llo w in g :
SE, PQ Ni
+ 1
No
The c r i t i c a l  r a t i o  was th en  found. The form ula i s 13
C. R,
SE
1 c r i t i c a l  r a t i o  o f  1.52 was found. Using Table D ^ ,  the in d ic a t io n  was 
th a t  t h i s  v a lue  was n o t s ig n i f i c a n t  a t  th e  .10 le v e l  and one could n o t 
say  a t r u e  d if f e re n c e  e x is te d  between th e se  two groups th a t  was n o t due to  
chance.
^ Ib id  . ; p .  2 3 6 .
^ I b i d . .  p . 236.
U
Table D ., p . 449.
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CHAPTER V
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS
Siimmary. The o b je c tiv e s  o f  t h i s  s tu d y  were to  determ ine w hether 
th e re  were any m easurable outcomes o f  in d iv id u a l  la b o ra to ry  work in  a 
seven th  grade course o f g e n e ra l sc ien ce  a t  one ju n io r  high schoo l in  
Montana, and to  su g g es t in  p a r t ,  how t h i s  ju n io r  h igh  school could  u t i l i z e  
i t s  re so u rc e s  to  th e  b e s t  advan tage. In  a d d i t io n ,  an  a ttem p t was made to  
su g g est some o f  th e  p re fe re n c e s  th e se  s tu d e n ts  had concern ing  th e  method 
by which th e  la b o ra to ry  work was c a r r ie d  on, and w hether one method or 
th e  o th e r  had any e f f e c t  on th e  s tuden ts*  a b i l i t y  or re so u rc e fu ln e s s  in
so lv in g  a new la b o ra to ry  problem .
C onclu sio n s. The r e s u l t s  o f th e  d a ta  g a th ered  by m atching th e  
s tu d e n ts  acco rd in g  to  in te l l ig e n c e  q u o tie n t rev ea led  th a t  th e re  was a 
s l i g h t  g a in  made by th e  la b o ra to ry  work group to  th e  e x te n t t h a t  th e  mean 
o f t h e i r  f i n a l  t e s t  sco res  was in c reased  s l i g h t l y  in  f iv e  ou t o f  th e  s ix  
u n i t s  s tu d ie d . However, in  only  one u n i t  was th e  g a in  made by th e  la b o ra ­
to r y  work group s ig n i f i c a n t ly  h ig h e r . In a  s im ila r  problem of comparing
i n i t i a l  and f i n a l  t e s t  s c o re s , G a rre tt^  p o in ts  out th a t  "The means and 
s tan d ard  d e v ia tio n s  of th e  c o n tro l and ex p erim en ta l groups. . . a re  alm ost 
i d e n t i c a l ,  showing th e  o r ig in a l  p a i r in g  o f sco res  to  have been q u i te  s a t i s ­
f a c to r y ."  In  th e  problem  a t  hand, i t  was found th a t  the means and standard  
d e v ia tio n s  v a r ie d  co n s id e ra b ly  which m ight in d ic a te  th a t  m atching th e
^ G a r re t t ,  op. c i t . ,  p . 229.
-30-
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groups by in te l l ig e n c e  q u o tie n t d id  n o t f u rn is h  th e  n ecessa ry  c o n t ro l  f o r  
s e le c t io n  o f th e  matched p a i r s .
In  an a tte m p t to  c o r re c t  t h i s  s i t u a t io n ,  th e  s tu d e n ts  were matched 
by th e  p r e t e s t  sc o re s  th ey  rece iv ed  a t  th e  beg inn ing  of each u n i t  o f  s tu d y . 
The ex ac t p r e t e s t  sco re  was used  and th e  matched p a i r s  were s e le c te d  fo r  
each u n i t  on t h i s  b a s i s .  The r e s u l t s  o f t h i s  d a ta  seemed to  in d ic a te  a 
s l i g h t  g a in  made by th e  la b o ra to ry  work method group in  a l l  o f th e  u n i t s  
s tu d ie d .  The c r i t i c a l  r a t i o s  were g re a t  enough in  f iv e  o f th e  s ix  u n i t s  
to  in d ic a te  th e  d if fe re n c e s  between th e  f i n a l  t e s t  sco res  o f th e  two groups 
were s ig n i f i c a n t  a t  th e  .05 le v e l  o f  s ig n if ic a n c e  or le s s  and th e re fo re  
p robab ly  n o t due to  chance. (See Table I I . ) ,  p . 2k .
Of a d d i t io n a l  i n t e r e s t  was th e  su rvey  o f  s tu d e n t a t t i t u d e s  and 
p re fe re n c e s  concern ing  th e  two methods o f  la b o ra to ry  in s t r u c t io n .  (See 
Table I I I . )  A m a jo r ity  o f th e  s tu d e n ts  from bo th  groups seemed to  be 
e i th e r  f o r  or a g a in s t  a p a r t i c u la r  s i tu a t io n  g iven . In no case was th e re  
a d isag reem en t between th e  s tu d e n ts  o f e i th e r  group. The m a jo r ity  o f  s tu ­
d e n ts  agreed  on th e  fo llo w in g :
(1) They enjoyed do ing  th e  la b o ra to ry  work more th a n  j u s t  w atch ing  
someone e ls e  do i t .
(2) They understood  th e  experim ent b e t t e r  when th e  te a c h e r  d id  i t .
(3 ) In d iv id u a l la b o ra to ry  work encouraged them to  work h a rd e r .
(4.) In d iv id u a l la b o ra to ry  work helped  in c re a se  t h e i r  i n t e r e s t  in  
s c ie n c e ,
(5 ) In d iv id u a l la b o ra to ry  work helped  them in  le a rn in g  and remem­
b e rin g  th e  f a c t s .
(6) They b e lie v e d  la b o ra to ry  work was n ecessa ry  p a r t  o f  th e  
le a rn in g  s i tu a t io n .
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(7 ) They d id  n o t p re fe r  to  have th e  te a c h e r  do a l l  th e  e x p e r i­
ments o r d em o n stra tio n s ,
(8) They d id  n o t want to  do them a l l  them selves.
(9 ) They d id  n o t mind w a itin g  to  use th e  equipm ent.
The most c o n tro v e r s ia l  q u e s tio n  seemed to  be w hether o r n o t th e y  
p re fe r re d  fo llo w in g  w r i t te n  r a th e r  th an  o ra l  in s t r u c t io n s .  The m a jo r ity  
in d ic a te d  th a t  th e y  l ik e d  o r a l  in s t ru c t io n s  r a th e r  th an  w r i t t e n  in s t r u c -
2
t i o n s .  T his f in d in g  seems to  su p p o rt a s ta tem en t made by J .  L« C ooprider
who sa id  " e x e rc is e s  w ith  o r a l  in s t r u c t io n s  g ive b e t t e r  r e s u l t s  than
e x e rc is e s  w ith  w r i t t e n  in s t r u c t io n s  in  b o th  dem onstra tion  and in d iv id -  
u a l  w ork." I t  a l s o  su p p o rts  th e  s ta tem en t o f Mayman-  ̂ to  th e  e f f e c t  th a t  
"a s  re g a rd s  e lem en tary  sc ie n c e , e lem en tary  schoo l p u p ils  cannot g e t th e  
tho u g h t o f th e  p r in te d  page.'*
The r e s u l t s  o f th e  d a ta  in d ic a t in g  success o r f a i l u r e  to  so lv e  a 
new la b o ra to ry  e x e rc is e  o r experim ent, in d ic a te d  th a t  th e  la b o ra to ry  work 
group was s l i g h t l y  b u t no t s ig n i f i c a n t ly  more su c c e s s fu l.  (See Table IV„) 
S e v e n ty -f iv e  p e r cen t o f th e  la b o ra to ry  work group was su c c e s s fu l in  
com parison to  s ix ty - fo u r  per cen t o f  th e  members o f  the  le c tu re -d e m o n s tra ­
t i o n  g roup . However, t h i s  d if f e re n c e  was n o t s ig n if ic a n t  and i t  appeared  
th a t  th e  p rev io u s  work or p r a c t ic e  in  doing in d iv id u a l la b o ra to ry  work by 
th a t  group had v e ry  l i t t l e  o r no e f f e c t  on th e  in c reased  p e rce n tag e  o f
Q
C ooprider, op. c i t . . p . 844.
^Jacob  Edward Mayman, M  E xperim en tal In v e s tig a tio n  o f  th e  Book 
Method. L ec tu re  Method. and E xperim ental Method of Teaching E lem entary  
S cience i n  th e  E lem entary  S ch o o ls . D o c to r 's  T hesis (New York : NYC o f 
E d u ca tio n a l R esearch , 1912).
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su ccesse s  t h a t  were re p o r te d .
I t  was a ls o  observed th a t  in  experim ents th a t  run  from day to  day, 
th e  s tu d e n ts  seemed to  take  more i n t e r e s t  in  making th e  o b se rv a tio n s  i f  
th e y  had been th e  a c t iv e  ag en ts  in  s e t t in g  up th e  experim ent. I f  t h e i r  
minds were c lu t te r e d  w ith  th e  d e t a i l s  o f p roced u re , th ey  seemed to  be 
un ab le  to  co n s id e r r e s u l t s  c a r e f u l ly  or g ive com plete e x p la n a tio n s .
In  a d d i t io n  to  th e  su rvey  o f  s tu d e n t a t t i t u d e s  and p re fe re n c e s  
mentioned on pages th i r ty -o n e  and th i r ty - tw o ,  th e  conclu sions o f t h i s  
ex p erim en ta l s tu d y  in  a seven th  grade course o f g en e ra l sc ie n c e  a t  West 
Ju n io r  High S choo l, G reat F a l l s ,  Montana, appeared to  be :
(1) A s l i g h t  b u t no t s ig n i f i c a n t  g a in  seemed to  be made in  
perform ance on teacher-m ade o b je c tiv e  f i n a l  u n i t  t e s t s  by 
th o se  engaged in  in d iv id u a l  la b o ra to ry  work.
(2 ) The s tu d e n ts  seemed to  en jo y  th e  e x tra  a c t i v i t y  and manipu­
l a t i o n  o f m a te r ia ls .
(3) R eso u rcefu ln ess  in  so lv in g  new la b o ra to ry  e x e rc is e s  seemed 
to  be no t s ig n i f i c a n t ly  in c re a se d  by p ra c t ic e  and f a m i l i a r i ­
z a t io n  w ith  th e  to o ls  and methods of problem s o lv in g .
(а ) There was p robab ly  no t as  g re a t  a d if fe re n c e  between th e se  
two methods as  m ight o r d in a r i ly  be supposed.
(5 ) The a b i l i t y  to  so lv e  problem s independen tly  and to  develop  
la b o ra to ry  s k i l l s  were delayed  r e s u l t s  which could n o t be 
measured a t  th e  p re se n t tim e .
(б) The cho ice  o f sc ien c e  a s  a c a re e r  and th e  c u l t iv a t io n  o f an 
i n t e r e s t  in  th e  p ro cesses  o f  in q u iry  were outcomes th a t  
p r e s e n t ly  could no t be m easured.
(7) In d iv id u a l la b o ra to ry  work a t  t h i s  grade le v e l  seemed to  do 
no harm and may even have helped  th e  s tu d e n ts  in  some way.
Recommendations. These f in d in g s  seemed to  in d ic a te  th a t  th e  b e s t  
method o f la b o ra to ry  in s t r u c t io n  f o r  West Ju n io r  High School and f o r  th e  
te a c h e r  invo lved  would be a com bination o f th e  in d iv id u a l  la b o ra to ry  work
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method and th e  l e c tn re -d e m o n s tra tio n  method. By making some p ro v is io n  
f o r  in d iv id u a l  la b o ra to ry  work to  be done, a g a in  m ight be made in  
s tu d e n t s a t i s f a c t i o n  and te a c h e r  e f f e c t iv e n e s s .  By making on ly  a few 
o f th e  e a s ie r  experim ents la b o ra to ry  work, one could s a t i s f y  th o se  who 
d id  no t d e s i r e  to  do a l l  th e  experim ents th em se lv es . The need fo r  
f u r th e r  s tu d y  in  t h i s  area  i s  in d ic a te d ,  i t  seemed, by th e  a lm ost t o t a l  
absence o f r e la te d  l i t e r a t u r e  in  t h i s  f i e l d  fo r  t h i s  p a r t i c u la r  grade 
l e v e l .  The w r i te r  would h a s te n  to  add th a t  t h i s  work i s  in  no sense  
f i n a l  and th a t  no r e s u l t s  or conclu sions should be considered  as  more 
th a n  su g g e s tiv e . The f i n a l  co n c lu sio n s  must be based on much more work 
o f a  s im i la r  n a tu re ,  under b e t t e r  c o n tro l le d  c o n d itio n s , in  o th e r  sch o o ls , 
under o th e r  te a c h e r s ,  working w ith  o th e r  groups ac ro ss  th e  c o u n try .
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1 . The h e a t n ece ssa ry  to  l i g h t  a  match i s  produced by ( l i g h t ,  f r i c t i o n ,  
a b r a s io n ) .
2 .  The low est tem pera tu re  a t  w hich a f u e l  w i l l  burn  and co n tin u e  to  
burn  i s  known a s  th e  (o x id a tio n  tem p era tu re , k in d lin g  te m p e ra tu re , 
b o i l in g  te m p e ra tu re ) .
3 .  Any sub stan ce  which g ives  o f f  l i g h t  and h e a t when burned i s  c a l le d  
(m a tte r , a  f u e l ,  an e le m e n t) .
4 . The gas in  th e  a i r  which i s  n ece ssa ry  fo r  bu rn ing  i s  c a l le d  (02,N ,C02).
5 . The combining o f a f u e l  w ith  oxygen in  which h e a t and l i g h t  a re
produced i s  c a lle d  (o x id a tio n , com bination, r e s p i r a t i o n ) .
6 . The combining o f any sub stan ce  w ith  oxygen i s  c a l le d  (o x id a tio n , 
com bination , r e s p i r a t i o n ) ,
7 . The gas formed when carbon burns in  a i r  i s  c a lle d  (02,N ,C 02).
8 . The gas o r vapor formed when hydrogen burns in  a i r  i s  known a s  (w ater
v ap o r, H2 0 2 ,C0 2 ) .
9 . The gas which w i l l  tu rn  lim ew ater m ilky w hite  i s  (H20,Gp2,N).
10 . A f i r e  caused by slow o x id a tio n  in  p la c e s  where th e  h e a t  cannot 
escape i s  known as (spontaneous com bustion, an  ex p lo s io n , r a d i a t i o n ) .
11. The p ro cess  o f  changing a vapor to  a l iq u id  i s  c a l le d  (co n d en sa tio n , 
e v a p o ra tio n , p r e c i p i t a t i o n ) .
12. The p ro cess  o f changing a  vapor to  a l iq u id ,  then  to  a vapor i s  c a l le d  
(a w a te r  c y c le , a gas c y c le , an a i r  c y c le ) .
13. The b la c k  substance  formed when bread i s  burned i s  known a s  (a sh , 
carbon , c o a l ) .
14. The name of th e  kind o f c o a l formed under g r e e t  p re s su re  i s  (b itum in ­
ous, l i g n i t e ,  a n th r a c i t e ) .
15. The kind  o f co a l h ea ted  in  a t e s t  tube to  make coke i s  (b itu m in o u s, 
l i g n i t e ,  a n th r a c i t e ) .
16. I f  wood i s  h ea ted  in  a c lo sed  t e s t  tu b e , th e  p ro d u c t l e f t  in  th e  tube 
i s  c a l le d  (c h a rc o a l, coke, a s h ) .
17. The redd ish -b row n  substance  formed when iro n  i s  l e f t  in  a i r  i s  ( r u s t ,  
d i r t ,  s t e e l ) ,
18. A low grade of co a l formed w ith o u t r e q u ir in g  much p re s su re  i s  known 
as (b itum inous, l i g n i t e ,  a n th r a c i t e ) .
R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
- 39-
19. I f  a  f u e l  i s  h ea ted  to  i t s  k in d lin g  tem pera tu re  and c o n tin u e s  to  
bu rn , i t  must have (0 2 ,C0 2 , % ) .
20 . The substance  th a t  may be added to  a f i r e  to  coo l i t  below i t s  
k in d lin g  tem pera tu re  i s  (w a te r, a i r ,  wood).
21 . Which o f the  fo llo w in g  a re  n e c e ssa ry  fo r  a f i r e ?  (02,C02,H2,N wood, coal, 
a  f u e l ,  h e a t ,  k in d lin g  te m p era tu re , smoke, l i g h t ,  a s to v e .)  ’
24.. F u e ls  a re  made o f  (wood, c o a l , carbon, n it ro g e n , smoke).
2 5 . Three ways in  which f i r e s  may be p u t ou t a re  (remove th e  f u e l ,  low er
th e  te m p era tu re , remove th e  a i r ) .
28 . The th re e  p ro d u c ts  o f com bustion o f common fu e ls  a re  (0 2 ,0 0 2 )% ; w ater 
v ap o r, h e a t ,  l i g h t ,  smoke).
3 1 . Three c h a r a c te r i s t i c s  o f a  good fu e l  a re  (cheap, produces much l i g h t ,
produces much h e a t ,  burns slow , burns f a s t ,  easy  to  t r a n s p o r t ) .
34 -36 . How was co a l formed?
37 . Iro n  r u s t in g  i s  an example o f (slow , f a s t ,  n e i th e r )  o x id a tio n .
38 . Slow o x id a tio n  i s  an o th er name f o r  (spontaneous com bustion, chem ical 
r e a c t io n ,  th e  k in d lin g  te m p e ra tu re ) .
39 . Matches c o n ta in  th e  sub stan ce  (CL, phosphorus, carbon) to  g e t  them 
s ta r t e d  to  bu rn .
4 0 . C harcoal i s  made by h e a tin g  (wood, c o a l , o i l ) .
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FINAL TEST UNIT 2 ,  FIRE
I .  M u ltip le  Choice. Choose th e  most c o r re c t  re sp o n se . P lace  th e  l e t t e r  
o f th e  response  in  th e  space in  th e  m argin.
  1 . The f i r s t  match was inven ted  in  England in  (A) 1775 (B) 1898
(C) 1827 (D) 1910.
  2 . The substance  in  th e  head o f a match th a t  s t a r t s  bu rn in g  a t  a
low tem pera tu re  i s  u s u a l ly  some form of (A) magnesium (B) phos­
phorus (C) oxygen (D) carbon .
  3 . Which o f th e  fo llo w in g  has th e  low est k in d lin g  tem p era tu re?
(a ) wood (B) paper (C) co a l (D) o i l .
  4 . A pproxim ately (A) 2 1 /4  (B) 1 /5  (C) l /3  (D) l / 2  o f  th e  a i r  i s
oxygen.
  5 . The g r e a te s t  p e rcen tag e  o f  th e  a i r  i s  m ostly  (A) carbon d io x id e
(B) w ater vapor (C) carbon monoxide (D) n itro g e n .
  6 . Which o f  th e  fo llo w in g  i s  used  as a t e s t  fo r  carbon d io x id e?
(a ) lim ew ater (B) h y d ro c lo r ic  ac id  (C) p a r a f f in  (D) p o tassium  
c h lo ra te .
  7 . In  making oxygen which o f th e  fo llo w in g  was used as  a  c a t a ly s t?
(a ) po tassium  c h lo ra te  (B) manganese d io x id e  (C) m ercu ric  oxide
(D) h y d ro c h lo ric  a c id .
  8 . C harcoal i s  made by h e a tin g  which o f  th e  fo llo w in g  m a te r ia ls ?
(a) l i g n i t e  (B) b itum inous co a l (C) wood (U) a n th r a c i te  c o a l .
  9 . Which o f th e  th re e  k inds of c o a l burns most slow ly? (A) b itum inous
(B) a n th ra c i te  (C) l i g n i t e .
 10. When su b stan ces  combine w ith  oxygen we c a l l  th e  p ro cess  (A)
com bustion (B) bu rn ing  (C) o x id a tio n .
 11, Oxygen was made in  c la s s  by h e a tin g  (A) potassium  c h lo r id e
(B) po tassium  c h lo ra te  (C) mercury (D) burn ing  wood.
 12. Which of th e  fo llo w in g  compounds a re  formed when magnesium i s
burned? (A) MgÔ  (b ) MgO (C) FeCT (D) FeO.
 13. Which o f  th e  fo llo w in g  compounds a re  formed when i ro n  r u s t s ?
(A) MgCr (B) MgO (C) FeCr (D) FeO.
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_14.* Which o f th e  fo llo w in g  m a te r ia ls  i s  no t formed when a p a r a f f in  
candle burns? (A) carbon d io x id e  (B) n itro g e n  (C) carbon
(D) w ate r v ap o r.
_15. Which o f th e  fo llo w in g  i s  a poisonous gas th a t  i s  formed when
f u e l  burns w ith o u t enough oxygen? (A) n it ro u s  oxide (B) ammonia ga:
(C) carbon monoxide (D) carbon d io x id e .
_16. Which o f  th e  fo llo w in g  k in d s  o f e x tin g u ish e rs  should  never be 
used to  p u t ou t a g rea se  f i r e ?  (A) carbon te t r a c h lo r id e
(B) foam (C) w ater (D) carbon d io x id e .
_17. Which of th e  fo llo w in g  k in d s  o f  e x tin g u ish e rs  should never be
used to  p u t ou t an  e l e c t r i c a l  f i r e ?  (A) w ate r (B) carbon t e t r a ­
c h lo rid e  (C) carbon d io x id e .
_18. Coke i s  made by h e a tin g  which o f th e  fo llow ing  m a te r ia ls  in  la rg e  
o v e n s ? (A) wood( B ) bitum inous coal ( C ) l ig n i te  (D) a n th ra c i te  c o a l .
I I .  F i l l  in  th e  b lanks w ith  th e  p ro p er re sp o n se . P lace your answ ers in  
th e  l e f t  hand m argin t h a t  correspond w ith  numbered b lanks in  each 
se n te n c e .
__________ 1 . When you rub  two s t ic k s  to g e th e r  you produce h e a t by 1.
__________ 2 . A 2 i s  any su b stan ce  th a t  w i l l  burn and g ive  o f f  h e a t .
 ________  3 . When any m a te r ia l  burns i t  combines w ith  th e  3 in  th e  a i r .
A. In  o rd e r to  s t a r t  a f i r e  th e  m a te r ia l  you want to  bu rn  must 
be h ea ted  to  i t s  A te m p é ra tu re .
_ 5 . When a m a te r ia l  burns we c a l l  th i s  5 o x id a tio n .
6 . When i ro n  r u s t s  we c a l l  t h i s  6 o x id a tio n .
7 . The b la c k  m a te r ia l  th a t  i s  l e f t  over when m a te r ia ls  such as
wood, paper and c lo th  have been burned i s  a chem ical known 
a s 7 .
8 . When hydrogen i s  burned i t  forms 8 .
9 . Hydrogen gas was made in  c la s s  by p ou ring 9 a c id  over
'lO . 10 .
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I I I ,  M atching. Match the  item s on th e  r i g h t  w ith  th e  item s on th e  l e f t .
Use th e  l e t t e r s .
1 . r u s t a . A f u e l  made from wood by h e a tin g
i t  in  th e  absence o f a i r .
2 . a n th ra c i te
b . Iro n  oxide
3 . bitum inous
c . F ire
k . ch arc o a l
d . A f u e l  made by h e a tin g  s o f t  c o a l
5. coke in  th e  absence o f a i r .
6 . combustion e . A substance  th a t  w i l l  b u rn .
7 . l i g n i t e f . A low -grade form o f c o a l .
8 . o x id a tio n g . The combining o f a su b stan ce  w ith
oxygen.
9 . spontaneous com bustion
h . S o ft c o a l.
10. f u e l
The slow o x id a tio n  o f  a substance  
u n t i l  th e re  i s  enough h e a t  to  cause 
th e  substan ce  to  b u r s t  in to  flam e.
IV. R e c a l l .  P lace  your answ ers in  th e  spaces provided  in  f r o n t  of th e  
q u e s tio n .
__________ 1. What gas in  th e  a i r  i s  n ecessa ry  fo r  burn ing?
2 . What i s  th e  b la ck  substance  formed when most m a te r ia ls  a re  
burned?
3 . What h ig h ly  ex p lo s iv e  m a te r ia l  i s  found in  most fu e ls ?
4-. What m a te r ia l  i s  a f i r e  being deprived  of i f  i t  g iv es  o f f  
a g re a t  d e a l o f  smoke?
5 . What th re e  th in g s  a re  n ece ssa ry  fo r  a f i r e ?
6 . What p ro d u c t o f com bustion a re  you te s t in g  fo r  when you low er 
a beaker open and down over a candle flam e?
V. Answer th e  th re e  q u e s tio n s  o f th e  nex t page b r i e f l y .
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1 . In  what th re e  ways may f i r e s  be p u t ou t?
2 . E x p la in  why w a te r does n o t pu t ou t a kerosene , g a so lin e  or g rea se  f i r e .
3 .  Why i s  w ate r dangerous to  use on an e l e c t r i c a l  f i r e ?
PRETEST 2 , ÏÏNIT 3 , WATER
1. The p ro cess  o f  changing a gas to  a l iq u id  i s  known as  (co n d en sa tio n ,
e v a p o ra tio n , r a d i a t i o n ) .
2 . The p ro cess  o f  changing a l iq u id  to  a  gas i s  c a lle d  (con d en sa tio n , 
e v a p o ra tio n , r a d i a t i o n ) .
3 . The p ro cess  o f  changing a l iq u id  to  a gas and back to  a l iq u id  ag a in  
i s  c a l le d  th e  (food , th e  w ater c y c le , l i f e  c y c le ) .
U- The amount o f  m o istu re  in  th e  a i r  i s  known as  ( r a in ,  fo g , h u m id ity ) .
5. The sp ray in g  of w ater in to  th e  a i r  to  remove u n p le a sa n t t a s t e s  and 
odors and add a i r  to  th e  w ater i s  known a s  ( c h lo r in a tio n ,  p u r i f i c a t i o n ,  
a e r a t i o n ) .
6 .  A s e r ie s  o f  ev en ts  th a t  fo llo w  each o th e r  and may be re p e a te d  i s  known 
as a (p la n  p lo t ,  e v e n t, c y c le ) .
7 . The rem oval o f s o l id  m a te r ia ls  by l e t t i n g  th e  w ater s tand  s t i l l  fo r  
some tim e i s  c a l le d  (condensing , s e t t l i n g ,  a e r a t io n ) .
8 . The p ro cess  o f removing s o lid  m a te r ia ls  from w ate r by p ass in g  i t  
th rough  sand, p a p e r , o r c lo th  i s  c a l le d  ( s e t t l i n g ,  a e r a t io n ,  f i l t e r i n g )
9 . The upperm ost le v e l  o f w ate r in  th e  s o i l  i s  c a l le d  th e  (to p  s o i l ,  bed 
ro ck , w ate r l e v e l ,  w a te r t a b l e ) .
10. The k ind  o f  m a tte r , found in  w a te r , which i s  l iv in g  or has l iv e d  i s  
sa id  to  be (o rg a n ic , in o rg a n ic , fo re ig n , chem ical) m a tte r .
TRDE CR FALSE
11. The r a t e  o f  e v ap o ra tio n  of a  l iq u id  i s  in c re a se d  by h e a t in g  i t .
12. The tem p era tu re  o f  a l iq u id  i s  in c reased  by h e a tin g  i t .
13. A l iq u id  w i l l  ev ap o ra te  f a s t e r  in  a c o n ta in e r  i f  th e  c o n ta in e r  i s  
co v ered .
14. A l iq u id  ev ap o ra tes  f a s t e r  i f  a i r  i s  fo rced  over i t  r a p id ly .
15. A l iq u id  w i l l  evap o ra te  f a s t e r  in  a sm all d ish  than  in  a la rg e  one.
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16. A lcohol ev ap o ra tes  f a s t e r  th an  w a te r under th e  same te m p era tu re .
17. Warm a i r  cannot hold  as  much w ater as  cold  a i r .
18. When a l iq u id  e v a p o ra te s , h e a t i s  abso rbed .
19. When w a te r vapor condenses, h e a t i s  s e t  f r e e .
20 . Dew c o l le c t s  on g ra s s  a t  n ig h t i f  th e  w a te r vapor i s  cooled to  th e  
dew p o in t .
21 . You f e e l  more com fortab le  on h o t days when th e  hum id ity  i s  h ig h .
2 2 . Dry a i r  i s  h e a v ie r  th a n  a i r  which has a  h igh  hum id ity .
2 3 . When a i r  and w a te r  vapor r i s e  to  th e  c o ld , upper atm osphere, th e  
w ater vapor condenses.
24.. A ll w a te r o b ta in ed  from w e lls  i s  pure .
2 5 . C hlorine gas i s  added to  d r in k in g  w a te r to  remove th e  m in e ra ls .
26 . The l a r g e s t  p a r t  o f  f r u i t s  and v e g e ta b le s  i s  w a te r .
2 7 . W ater i s  s a fe  f o r  d rin k in g  purposes i f  i t  does no t c o n ta in  any a i r .
2 8 . The f l a t  t a s t e  o f w a te r i s  caused by a la c k  o f m in e ra ls .
2 9 . In  d i s t i l l a t i o n ,  th e  m in era ls  a re  se p a ra te d  from  the  w a te r .
3 0 . You f e e l  warmer i f  th e  r a t e  o f ev ap o ra tio n  o f  p e r s p ir a t io n  from  your 
body i s  in c re a s e d .
FINAL TEST UNIT 3 ,  WATER
Put i n  th e  b lank  space to  th e  r i g h t  o f each item  in  column B th e  l e t t e r  
o f  the  m atching item  in  column A.
COLUMN A COLUMN B
A. A era tion  1 . A s e r ie s  o f events which fo llo w  each
o th e r  and may be re p e a te d . ________
B. B o ilin g
2 .  The upperm ost le v e l  o f w a te r in  th e
C. C ondensation s o i l . ____________________________ _____
D. Cycle 3 .  The k ind  o f m a tte r  which i s  l i v in g  or
which was once l iv in g .  _______
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E. D i s t i l l a t i o n
F . E vapora tion
G. F i l t e r in g
H. Humidity
I .  Ino rgan ic  
J .  Organic
K. P r e c ip i ta t io n  
L. S e t t l in g  
M. Water Table
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A. The amount o f m o istu re  in  th e  a i r .
5 . The p ro cess  o f changing a  l iq u id  
in to  a vapor and back to  a  l iq u id
6 . The sp ray in g  o f  w ater in to  th e  a i r  
to  remove u n p le a sa n t t a s t e s  or 
o d o rs .
7 . The p ro cess  o f removing s o l id  
m a te r ia ls  from w ater by p ass in g  i t  
th rough  p ap e r, c lo th ,  o r a sand .
8 . The p ro cess  o f removing s o l id  m a te r ia ls  
from w a te r by l e t t i n g  i t  s tan d  fo r  
some tim e .
9 . The changing o f  a gas to  a l i q u id ,  ____
10. The changing o f  a l iq u id  to  a v a p o r .___
TRUE CR FALSE:
11. A lcohol ev ap o ra tes  f a s t e r  th an  w ate r i f  bo th  a re  kep t under th e  same 
c o n d it io n s .____
12. Gold a i r  can ho ld  l e s s  w ater vapor than  warm a i r . ____
13. The tenQ jerature o f  a lc o h o l g e ts  low er as  i t  e v a p o ra te s ..
14-. The r a t e  o f ev ap o ra tio n  i s  in c re ased  by r a i s i n g  th e  te m p e ra tu re ._
15. The r a t e  o f e v ap o ra tio n  o f  w a te r i s  in c re a se d  by d ec re a s in g  th e  s iz e  
o f  th e  d ish  which ho ld s  th e  w a te r .____
16. A l iq u id  in  a  d ish  w i l l  evap o ra te  f a s t e r  i f  th e  d ish  i s  k ep t covered .
17. When a l iq u id  e v a p o ra te s , h e a t i s  ab so rb ed .____
18. W ater vapor condenses when i t  i s  h e a te d ._____
19. Dry a i r  i s  h e a v ie r  th an  a i r  which has a h ig h  h u m id ity ._____
20 . M oistu re in  th e  a i r  w i l l  condense i f  i t  i s  cooled to  th e  dew p o in t .___
A fte r  each o f  th e  fo llo w in g , w r ite  a sen tence  g iv in g  th e  f a c t  o r f a c t s  
which prove th e  s ta tem en t i s  c o r r e c t .
21 . C hlorine i s  added to  d r in k in g  w ater to  p u r ify  i t .  Why?
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2 2 . C lo thes d ry  b e t t e r  on a windy day . Why?
2 3 . You f e e l  uncom fortab le  on a warm humid day . Why?
24 ,. Your hand f e e l s  coo l when you p u t a few drops of a lc o h o l on i t .  Why?
2 5 . Im p u ritie s  a re  se p a ra te d  from  w ater by d i s t i l l i n g  i t .  Why?
26 . B oiled w a te r t a s t e s  f l a t .  Why?
2 7 . L iquids a re  used to  co o l foods in  th e  e l e c t r i c  r e f r i g e r a to r .  How?
2 8 . What a r e  th e  two m ajor s te p s  in  th e  w a te r cyc le?
2 9 . What a re  th e  two p r in c ip a l  so u rces o f  our c i t i e s '  w ater su p p lie s?
30 . How can you f in d  ou t th e  p e rcen tag e  o f w a te r in  f r u i t s  by an e x p e r i­
ment?
31 . What i s  M atter?
3 2 . In  what th r e e  forms does m a tte r  e x is t?
33 . What two c o n d itio n s  h e lp  l iq u id s  ev ap o ra te?
3 4 . Ammonia i s  no lo n g e r used in  household r e f r ig e r a to r s  because (A) i t  
i s  to o  expensive  (b) i t  i s  poisonous (0) i t  burns (D) i t  mixes w ith  
a i r  and ex p lo d es .
3 5 . The b o i l in g  p o in t  o f a l iq u id  can be low ered by d e c re a s in g  th e
(A) tem p era tu re  (B) h e a t (C) a i r  p re s su re  (D) steam  p re s s u re .
36 . How i s  w ater vapor added to  th e  a i r  by p la n ts ?
37 . How i s  w ater vapor added to  th e  a i r  by an im als?
38 . How i s  w ater vapor added to  th e  a i r  by f i r e s ?
3 9 . How i s  w ate r vapor added to  th e  a i r  by oceans?
40  How i s  w a te r added to  th e  a i r  by au tom obile  engines?
4 1 .-4 3 . What th re e  th in g s  does th e  m olecu lar th e o ry  t e l l  u s  abou t m olecules?
4 4 . How does h e a tin g  and coo ling  change th e  volume o f m a te r ia ls ?
45. What i s  th e  m e ltin g  p o in t  o f a m a te r ia l?
4 6 . Name a s o l id  t h a t  ev ap o ra te s  w ith o u t m e ltin g ?
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47 . E x p la in  why th e re  i s  no s a l t  in  r a in  w ate r even though most o f our 
r a in  comes from w ater t h a t  once was in  th e  s a l t y  ocean.
4 8 . What e f f e c t  does f re e z in g  have on th e  m olecules o f a m a te r ia l?
49. D uring ev ap o ra tio n  o f w a te r , what happens to  th e  m olecules o f th a t  
m a te r ia l?
50. Make a draw ing showing th e  w a te r c y c le .  Be su re  to  la b e l  each s te p ,
PRETEST 3 ,  ÏÏNIT 4 , WEATHER
1. The in s tru m en t used to  measure tem p era tu re  i s  th e  (barom eter, a e ro ­
m eter , therm om eter) .
2 . The in s tru m en t used to  measure a i r  p re s su re  i s  th e  (barom eter, 
a e ro m e te r , therm om eter) .
3 .  The in s tru m en t used to  measure th e  v e lo c i ty  o f th e  wind i s  th e  
(b aro m eter, aerom eter, therm om eter).
4 . The changing co n d itio n s  o f  th e  a i r  fo r  a s h o r t  tim e i s  known a s  
(w eather, c lim a te , season , eq u in o x ).
5 . The average c o n d itio n s  o f th e  a i r  over a long p erio d  o f tim e i s  known
as (w ea th e r, c lim a te , season , eq u in o x ).
6 . A ir i n  m otion i s  c a l le d  a (sto rm , calm , f r o n t ,  w ind ).
7 . The d is ta n c e  above th e  ground or sea  le v e l  i s  known a s  ( e le v a t io n ,  
summit, l a t i t u d e ,  lo n g itu d e ) .
8 . The tem p era tu re  a t  which th e  w ate r vapor beg in s  to  condense i s  c a l le d  
the  (k in d lin g  te m p era tu re , b o il in g  te m p era tu re , f re e z in g  p o in t ,  dew 
p o in t ) .
9 . The blow ing o f  th e  a i r  from th e  w ater to  th e  land  i s  c a l le d  a  (lan d
b re e z e , sea  b re e z e , Chinook w ind).
10. The blow ing o f  th e  wind from th e  land  toward th e  w ater i s  c a l le d  th e
(land  b re e z e , sea  b re e z e , chinook b re e z e ) .
11. Rapid m otion o f  th e  a i r  due to  sudden changes in  tem pera tu re  and hum idi­
ty  i s  c a l le d  a (sto rm , calm , f r o n t ,  w ind).
12. The in s tru m en t used  to  measure th e  hum idity  in  th e  a i r  i s  th e  (barom eter, 
hygrom eter, aneom eter) .
TRDE CR FALSEs
1 3 . A ir expands when h e a te d .
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14. W ater expands when h e a te d .
1 5 . Cold a i r  r i s e s .
16. A ir c o n tra c ts  when coo led .
17 . W ater vapor condenses when a i r  i s  h e a te d .
18. Warm a i r  can ho ld  more w a te r vapor th a n  cold a i r .
1 9 . Dry a i r  i s  h e a v ie r  th a n  humid a i r .
2 0 . Dry a i r  i s  h e a v ie r  th an  co ld  a i r .
2 1 . The barom eter re a d in g  i s  h igh  when th e  a i r  i s  co ld  and d ry .
2 2 . F ro s t  i s  formed i f  th e  dew p o in t  i s  below th e  f re e z in g  tem p era tu re ,
2 3 . When th e  dew p o in t  in  a cloud i s  reac h ed , i t  w i l l  r a in .
2 4 . A ir becomes c o o le r  when i t  expands.
2 $ . A low barom eter re a d in g  in d ic a te s  storm y w ea th e r.
26 . C irus c louds in d ic a te  f a i r  w ea th e r.
2 7 . S o i l  w i l l  h e a t  up f a s t e r  in  th e  sun th an  w a te r .
28 . S o i l  w i l l  co o l o f f  f a s t e r  th a n  w a te r .
2 9 . Cumulus clouds u s u a l ly  b r in g  r a in .
3 0 . M ercury i s  used  in  a therm om eter because i t  w i l l  no t e a s i l y  f r e e z e ,
31 . A ll therm om eters c o n ta in  m ercury.
3 2 . We l i v e  in  a t r o p i c a l  c lim a te .
3 3 . Air above th e  e a r th  i s  v e ry  c o ld .
3 4 . In  space th e re  i s  no a i r .
3 5 . Clouds a re  made o f  smoke from f a c t o r i e s .
36 . A ir p re s su re  i s  re p re se n te d  on a w eather map by d o ts  and d a sh e s .
37 . The speed o f th e  wind i s  shown by an arrow .
3 8 . Cloud type  i s  shown by d o ts  and d a sh e s .
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39 . C loudiness i s  re p re se n te d  by shaded c i r c l e s .  
4-0. Cloud type i s  shown by d o ts  and d ash es .
FINAL TEST UNIT 4 , WEATHER
DIRECTIONS : W rite i n  th e  b lank  space a t  th e  r i g h t  of each item  in  column
B th e  l e t t e r  o f th e  m atching item  in  column A.
COLUMN B
A.
COLUMN A 
Carbon d io x id e 1.
B. C lim ate 2.
c . D en sity 3.
D. F o s s i ls 4-*
E. G eo lo g ist
F . Geology
5.
G. Hum idity 6.
H. Marine w est c o a s t
I. M editerranean
7.
J. Oxygen
8.
K. P o lle n 9.
L. R ain
M. S a tu ra te d
10.
N. S u n tro p ic a l
0. W eather
tim e.
The average c o n d itio n s  o f  th e  a i r  a t  one 
c e r ta in  p la c e .
a t  a  g iven  te m p era tu re .
. Type o f  c lim ate  found in  F lo r id a .
Type o f c lim ate  found in  S e a t t l e ,  
W ashington.
One who s tu d ie s  th e  fo rm ation  of 1 
e a r th .
Forms o f p la n ts  o r  anim als p re se ri 
th e  e a r th .
I I .  Complete th e  fo llo w in g  s ta tem en ts  by p u t t in g  th e  b e s t word or words 
in  th e  spaces to  th e  r i g h t .
11. The most abundant gas in  th e  a i r  is ,__________________________________.
12. A change in  th e  tem peratu re  o f th e  a i r  changes its_
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13. A ir in  m otion causes
1 4 . In  d e s c r ib in g  c l im a te , th e  word which i s  o f te n  used is_
15-17. Three f a c to r s  which a f f e c t  c lim ate  a re
18. When s a tu ra te d  a i r  i s  coo led , i t  lo s e s  some o f  i t s  m o istu re  i n  
th e  form  of_______________________ .
1 9 . The ty p e  o f  c lim ate  you have where you l iv e  i s __________________
2 0 . S c ie n t i s t s  prove th e  c lim a te  o f  th e  West Coast has changed by 
s tudy ing ___________________.
21 . When s o l id s  abso rb  r a d ia n t  energy , th ey  a re  (A) cooled (B) h ea ted
(C) i l lu m in a te d . ______
2 2 . S la n t in g  ra y s  from th e  sun produce (A) more h e a t  (B) more
l i g h t  (C) l e s s  h e a t th an  d i r e c t  r a y s .______________________________
2 3 . D ire c t  ra y s  from th e  sun h i t  th e  U. S . (A) in  th e  summer
(B) in  th e  w in te r  (C) n e i th e r  of th e s e ._____________________ __
2A-. A cub ic  fo o t  o f  warm a i r  co n ta in s  (A) few er m olecules th an  a 
cu b ic  fo o t  o f co ld  a i r  (B) more m olecules (C) th e  same number 
o f m olecu les as  a cubic fo o t  o f  co ld  a i r .
2 5 . An in c re a s e  in  th e  amount o f m o istu re  in  th e  a i r  (A) d ec rease s
(B) in c re a s e s  (C) does n o t a f f e c t  i t s  d e n s i ty .  ____
2 6 . Most o f th e  tim e our winds a re  from th e  (A) n o rth  (B) w est
(C) so u th .
2 7 . When i t  comes to  abso rb ing  and lo s in g  h e a t :  (A) w ater ta k e s  
lo n g e r th an  th e  e a r th  (B) th e  e a r th  ta k e s  lo n g e r th an  w ate r
(C) a i r  ta k e s  lo n g e r th an  e i t h e r .
28 . The w es te rn  s lo p e s  o f th e  Rocky M ountains, have (A) average
(B) l i g h t  (G) heavy r a i n f a l l .
2 9 . S c i e n t i s t s  b e lie v e  th e  c lim a te s  o f th e  e a r th  a re  (A) s ta y in g  
th e  same (B) becoming co o le r (0) becoming warmer.____________
30. When w a te r vapor i s  added to  th e  a i r  (A) th e  d e n s ity  o f a i r  
i s  in c re a se d  (B) decreased  (C) rem ains unchanged.____________
31. When w a te r vapor i s  added to  a i r ,  th e  humid a i r  becomes (A) 
h e a v ie r  (B) l i g h t e r  (C) c o o le r ._____________________________ _
3 2 . When a i r  i s  h e a te d , does i t  (A) c o n tra c t  (B) expand (C) r i s e
(D) f a l l .  __
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3 3 . When th e  a i r  i s  cooled s e v e ra l  d e g re e s , th e  w ate r vapor (A) evapor­
a te s  (B) coo ls  (C) condenses. _______
34.. When a i r  i s  h e a te d , w i l l  i t  ho ld  (A) more (B) l e s s  (C) th e  same
amount o f w a te r vapor.________________________________________ _______
3 5 . Draw a d iagram  f o r  th e  fo llo w in g  w eather s t a t io n s :  (A) G reat F a l l s  -  
c l e a r ,  wind from th e  n o rth  a t  20 k n o ts , tem pera tu re  38 . (B) S e a t t le  -  
c loudy , wind from th e  w est a t  15 k n o ts , tem p era tu re  4-5, dew p o in t 35 , 
barom eter r i s i n g ,  and a i r  p re s s u re  247. LABEL AND EXPLAIN ALL YOUR 
DIAGRAMS....
36 . Draw a  c ro s s  s e c tio n  o f a  co ld  f r o n t .  In d ic a te  th e  d i r e c t io n  o f th e  
a i r  flo w , th e  cloud types p re s e n t ,  th e  tem pera tu re  th a t  would e x i s t  
on bo th  s id e s  o f th e  f r o n t .
37 . Draw a diagram  and show why m o ist humid a i r  i s  l i g h t e r  th an  d ry  a i r .
38 . Draw a d iagram  and show how w ate r vapor i s  squeezed ou t o f  th e  a i r  by 
co o lin g  th e  a i r .
39 . Draw a diagram  and show why more r a i n  f a l l s  on th e  w este rn  s lope o f 
th e  Rocky M ountains.
40 . What fo u r  th in g s  does th e  m olecu lar th e o ry  t e l l  u s  abou t m olecu les. 
1.
2 .
3 .
4 .
41 . Diagram th e  a i r  movements o f a  h igh  and a low p re s su re  c e l l ,  and 
e x p la in  why each moves as  i t  d o es . Also in d ic a te  which i s  warm a i r  
and which i s  co ld  a i r .
42 . A co ld  f r o n t  i s  moving eas tw ard . I t  i s  now lo c a te d  over G lend ive, 
Montana. Give th e  w eather f o r e c a s t  fo r  G reat F a l l s ,  G lendive, and 
Bism arck, N orth D akota.
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p r e te s t  U, UNIT 6, SOUND
U nderline th e  b e s t  response  to  th e  fo llo w in g  s ta te m e n ts .
1 . A sound i s  produced when som ething i s  s e t  in  . (a vacuum, p i t c h ,
m otion)
2 . A su b stan ce  t h a t  w i l l  sp r in g  back when s tre tc h e d  is  sa id  to  be .
( e l a s t i c ,  p le a s in g , s y n th e t ic )
3 . The number o f  sound v ib ra t io n s  p e r second i s  c a l le d  . (freq u en cy ,
p i t c h ,  m otion)
A. The h ig h n ess  o r lowness of sound i s  c a l le d  . (frequency , p i tc h ,
m otion)
5 . Sounds t r a v e l  through a i r  in  th e  form o f . (waves, v ib r a t io n s ,
m o tio n s)
6 . The membrane in  th e  e a r  th a t  p ick s  up th e  v ib ra t io n s  o f th e  a i r  i s  
th e  . (eardium , a n v i l ,  hammer)
7 .  Sounds w i l l  n o t pass  through a  . (vacuum, echo, room)
8 . The in s tru m e n t used bv c h e e rle a d e rs  in  send ing  more sound in  one 
d i r e c t io n  i s  th e  . (m icrophone, megaphone, te lep h o n e)
9 . A sound heard  by r e f l e c t i o n  i s  c a l le d  . (an echo, a r e f l e c t i o n ,  a
re f ra c t io n ) ;
10. The number o f f e e t  sound w i l l  t r a v e l  in  a i r  i n  one second i s ___ .
(100, 500, 1100)
11. Sounds which a re  p le a sa n t to  th e  e a r  a re  sa id  to  be . (p le a s in g ,
n o ise )
12. Sounds th a t  a re  n o t p le a s in g  to  th e  e a r  a re  c a l le d  . (p le a s in g ,
n o is e )
13. In  wind in s tru m e n ts , sounds a re  produced by s e t t in g  a i r  in  .
(colum ns, m otion)
lA . The lo u d n ess  o f sound in  m usical in s tru m en ts  i s  in c reased  by u s in g
(sound boxes, more a i r ,  m icrophones)
15. P ipe organs use a d i f f e r e n t  p ipe  f o r  each_. (sound, p i t c h ,  n o te )
16. The th r e e  ways in  which w ires may be s e t  in  v ib ra t io n  a re ______,
17 .___________  , and 18.  .
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TRUE CR FAI5E:
1 9 . The le n g th  o f w ires  in  a v io l in  i s  changed by u s in g  th e  f in g e r s .
2 0 . D if f e re n t  n o te s  a re  produced in  p ip e s  or tu b es  by changing th e  
le n g th  o f th e  a i r  column.
2 1 . P itc h  may be changed by changing th e  d iam ete r of a w ire .
22 . S o f t su rfa c e s  r e f l e c t  sound to  make an echo.
2 3 . Sound waves t r a v e l  from a  v ib r a t in g  o b je c t in  on ly  one d i r e c t io n .
2 4 . Sound t r a v e l  f a s t e r  in  w ater th a n  in  a i r .
2 5 . Sounds t r a v e l  f a s t e r  in  w ater th en  in  s t e e l .
26 . Sound waves must have some form o f m a te r ia l  to  c a r ry  them.
2 7 . Sound waves w i l l  t r a v e l  th rough a i r  f o r  one m ile  in  one second.
28 . A t i g h t  w ire  v ib r a te s  f a s t e r  than  a lo o se  one.
2 9 . A long  w ire  v ib r a te s  f a s t e r  th an  a sm all w ire .
3 0 . A la rg e  w ire  v ib r a te s  f a s t e r  than  a sm all w ire .
31 . The p i tc h  o f a column o f a i r  i s  r a is e d  by in c re a s in g  th e  le n g th  of 
th e  column.
32 . Persons can do more work when a room i s  n o isy .
33 . Echoes a re  reduced in  a room by cov erin g  th e  w a lls  w ith  c u r ta in s .
3 4 . Sounds which have re g u la r  r a t e s  o f v ib r a t io n  a re  p le a s in g  to  th e  e a r .
35 . The loudness o f  a sound can be in c re a sed  by making a la rg e r  volume 
of a i r  v ib r a t e .
36 . The w ire s  on a g u i ta r  a re  s e t  in  v ib r a t io n  by bowing.
37 . A p iano  has  a w ire  fo r  each d i f f e r e n t  n o te .
38 . P ipes in  an organ may be open a t  one end or open a t  bo th  ends.
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FINAL TEST UNIT 6 , SOUND
Put i n  th e  b lan k  space to  th e  r ig h t  o f each item  in  column B th e  
l e t t e r  o f th e  m atching item  in  column A.
A.
GOLUMN A 
Compression 1 .
B. D iscord 2 .
G. Echo 3 .
D. E la s t i c 4 .
E. Frequency 5.
F. Loudness 6 .
G. Megaphone 7.
H. Music
I . Noise
8.
J . P itc h 9 .
K. R a re fa c tio n
L. Vacuum
10.
M. V ib ra tio n
11.
N. R e f le c to r 12.
0 . Eardrum 13.
P . Cochlea 14.
Q. Hammer
R. Harmonious
15.
COLUMN B
The number o f sound v ib r a t io n s  p e r seco n d ^
A sound heard  by r e f l e c t i o n ._______________
Sounds which a re  p le a s in g  to  the  e a r .  _
The h ighness  or lowness o f sound.________ _
Sounds th a t  a re  n o t p le a s in g  to  th e  e a r .  _
A movement back and f o r th .
The p a r t  o f  a sound wave in  which p a r t i c l e s  
o f a i r  a re  pushed to g e th e r ._______________ __
The k ind  o f a substance  t h a t  w i l l  sp r in g  back 
when s tre tc h e d  or b e n t .___________________ _____
A space th rough which sound waves cannot be 
c a r r ie d .
One o f th re e  bones o f th e  middle e a r .
The p a r t  o f th e  wave in  w hich p a r t i c l e s  o f 
a i r  a re  spread a p a r t ._______________________
Something th a t  tu rn s  back sound o r l i g h t .
The membrance a c ro s s  th e  in s id e  o f  th e  e a r .
A p a r t  o f  th e  in n e r e a r  where sound v ib r a t io n s  
a re  changed to  nerve im pulses.__________________
Geminations of sounds th a t  a re  p le a s in g  
and have sm all r a t i o s .
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I f  th e  fo llo w in g  s ta tem en ts  a re  t r u e ,  w r i te  th e  word t r u e  in  th e  
b la n k . I f  th e  s ta tem en t i s  f a l s e ,  w r i te  th e  word f a l s e ,  and c o r r e c t  th e  
un d erlin ed  p a r t  o f th e  s ta tem en t so t h a t  i t  i s  now a tru e  s ta te m e n t.
1 . la rg e  smooth su rfa c e s  w i l l  r e f l e c t  sound to  make an echo . ___
2 . Sound t r a v e l s  in  th e  form o f v ib r a t io n s . ___
3 . Sounds t r a v e l  f a s t e r  in  s t e e l  th an  in  w a te r . ___
4 . Sounds t r a v e l  in  a i r  w ith  an  approxim ate speed o f 1100 f e e t
per m in u te ._________________________________________________________ ___
5 . Sounds t r a v e l  f a s t e r  in  w ater th a n  in  a i r .  ___
6 . A t i g h t  w ire  v ib r a te s  f a s t e r  th an  a  loose  w ire . ___
7 . A long  w ire  v ib r a te s  f a s t e r  th a n  a s h o r t  w ire . ___
8 . A la rg e  w ire  v ib r a te s  slow er th a n  a sm all w ire . ___
9 . Sound boxes change th e  p i tc h  o f v ib r a t in g  w ire s .  ___
10. A p iano  has a  w ire  fo r  each d i f f e r e n t  n o te . ___
11. A c l a r i n e t  i s  a m usical in s tru m en t th a t  makes u se  o f  a
v ib r a t in g  diaphragm  to  produce sound. ___
12. An organ makes u se  o f a v ib r a t in g  column of a i r  to  produce
sound.______________________________________________________________ ___
13. Tuning fo rk s  w ith  f re q u e n c ie s  o f 256 and 384 w i l l  produce a 
p le a s in g  sound.____________________________________________________ ___
14. V ib ra tio n s  leav e  th e  m iddle e a r  by way o f  the  semi- c i r c u la r  
c a n a ls ._____________________________________________________________ ___
15. The e u s ta c h ia n  tube d i r e c t s  th e  sound in to  th e  eardrum . ___
16. You can h e a r  ev e ry th in g  th a t  v ib r a t e s . ___
17. Sound t r a v e l s  f a s t e r  th rough l iq u id s  th a n  i t  w i l l  th rough  a i r
o f s o l id s .__________________________________________________________ ___
18. Dogs a re  unab le  to  h ear sounds t h a t  have le s s  th en  180000 
v ib r a t io n s  p e r  second. ___
19. One cannot h ea r an alarm  clock  r in g in g  in  a  vacuum j a r  because
a c lo ck  w i l l  n o t r in g  w ith o u t a i r .___________________________________
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20, You can h ear th e  thunder b e fo re  you see th e  l ig h tn in g  o f  most 
s to rm s. ___
21 , Two s to n es  knocked to g e th e r  under w ater w hile  your head i s  under 
w ater do n o t seem as loud as  two s to n es  knocked to g e th e r  in  a ir^ __
2 2 , I f  you see th e  l ig h tn in g  o f a storm  and d id  n o t hear th e  thun ­
d e r fo r  20 seconds, th e  l ig h tn in g  would be 5 m iles  away. ___
23 , P itc h  depends on th e  am plitude o f  a sound wave, ___
24-, -Amplitude depends on how much a i r  i s  s e t  in  m otion._____________ ___
2 5 . An a m p life r  i s  a dev ice  th a t  makes more a i r  move._______________ ___
2 6 . Sound i s  alw ays produced by a i r ._____________________________________
2 7 . The sound produced by blow ing a c ro ss  a b o t t l e  r e s u l t s  from
th e  a i r  around th e  b o t t l e  moving, ___
28 . The tru m p e t. trom bone. and organ a l l  produce sound by making
a column of a i r  v ib r a t e ,  ___
2 9 . The v i o l i n , p ia n o , h a rp , and drum produce sound by making 
s t r in g s  v ib r a t e .  ___
30 . Lowering a  v ib r a t in g  tu n in g  fo rk  in to  w ater shows th a t  w ate r 
c a r r ie s  sound b e t t e r  th an  a i r . ___
31 . Sound waves spread  through th e  a i r  p a r a l l e l  to  the  ground. ___
3 2 . The p i tc h  o f  a  w ire  can be r a is e d  o r low ered by tig h te n in g  or 
lo o sen in g  o f  th e  w ire s , ___
33. W ires may be s e t  in  v ib r a t io n  by t ig h te n in g  them .________________ ___
34-. Frequency depends on th e  m a te r ia l , i t s  th ic k n e s s . i t s
t i g h tn e s s , and i t s  le n g th . ___
PRETEST 5 , UNIT 8 , MAGNETISM
U nderline  th e  b e s t  response  to  th e  fo llo w in g  s ta te m e n ts .
1 . The iro n  o re  which has m agnetic p ro p e r t ie s  i s  c a l le d ___ . ( lo d e s to n e ,
c o b a l t ,  h em a tite )
2 .  U nlike p o le s   each o th e r ,  ( a t t r a c t ,  r e p e l)
3 .  Like p o le s_  each o th e r  ( a t t r a c t ,  r e p e l )
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U* A suspended b a r  magnet p o in ts  and____, (n o rth  and so u th , e a s t  and
w est)
5. The name o f th e  m a te r ia l  used to  make tem porary  magnets i s  .
( s o f t  i r o n ,  hard  iro n )
6 . The name o f th e  m a te r ia l  used  to  make perm anent magnets i s  .
( s o f t  i r o n ,  h ard  iro n )
7. The ends o f a  b a r  magnet a re  c a l le d ____. (p o les  magnets)
8 . In  an unm agnetized bar o f  i r o n ,  th e  p a r t i c l e s  a re  arranged  in  an___
o rd e r, (o rd e r ly ,  i r r e g u la r )
9 . The e a r th  a c ts  l i k e  a magnet w ith and ma g n e tic  p o le s .  (North
and so u th , e a s t  and w est)
10. The compass need le  p o in ts  toward th e  e a r t h 's  p o le , (n o r th ,so u th )
11. A magnet w i l l  a t t r a c t  i ro n  through ma t e r i a l s . (m agnetic, non­
m agnetic)
12. A w ire  conducting  an e l e c t r i c  c u r re n t  a c t s  l ik e  a , (g e n e ra to r ,
magnet, f i la m e n t)
13. The ends o f a c o i l  o f w ire  conducting  an  e l e c t i c  c u r re n t have  and
 p o le s ,  (n o r th  and so u th , e a s t  and w est)
14. A w ire  conducting  an e l e c t r i c  c u r re n t i s  surrounded w ith  l in e s  o f
 . ( fo rc e , r e s i s ta n c e ,  g ra v ity )
15. A c o i l  o f w ire  and an iro n  co re , and a c u r re n t  flow ing th rough  th e  
c o i l ,  make a . (magnet, e lec tro m ag n e t, tran sfo rm er)
16. A compass need le  p o in ts  a long  th e  e a r t h 's  m agnetic l in e s  o f .
( l a t i t u d e ,  lo n g itu d e , fo rc e )
TRUE CR FALSE;
17. The compass n eed le  u s u a l ly  d o e s n 't  p o in t  t r u e  no rth  or so u th .
18. One may in c re a se  th e  s tr e n g th  o f an  e lec trom agnet by in c re a s in g  th e  
tu rn s  o f  w ire ,
19. One may in c re a se  th e  s tre n g th  o f an  e lec trom agnet by u s in g  a la rg e r  
iro n  co re .
2 0 . One can make a permanent magnet w ith  e l e c t r i c i t y .
21 . A w ire  conducting  an e l e c t r i c  c u r re n t  d e f le c ts  a compass n e e d le .
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2 2 . A p ie ce  o f  s o f t  iro n  p laced  a c ro ss  th e  ends o f an  e lec tro m ag n e t i s  
c a l le d  a k eep er.
2 3 . An a p p a ra tu s  to  change th e  d i r e c t io n  o f a c u r re n t  in  a motor or
g e n e ra to r  i s  c a l le d  an a l t e r n a t o r .
24.. The im aginary  l in e s  around a  magnet t h a t  r e p re s e n t  th e  s t r e n g th  and 
d i r e c t io n  o f th e  m agnetic fo rc e  a re  c a l le d  th e  l in e s  o f  f o r c e ,
2 5 . A machine to  change e l e c t r i c a l  energy  in to  energy  o f m otion i s
c a l le d  an e l e c t r i c  m otor,
2 6 . An iro n  core wound w ith  w ire  c a rry in g  an e l e c t r i c  c u r re n t i s  c a l le d  
an e lec tro m ag n e t,
2 7 . An o b je c t t h a t  a t t r a c t s  iro n  and c e r ta in  o th e r  m etals i s  c a l le d  a 
m agnet.
28 . The fo rc e  o f a t t r a c t i o n  th a t  a magnet has fo r  iro n ,  s t e e l ,  and some 
o th e r  m etals  i s  magnetism.
2 9 . Wood i s  a m agnetic m a te r ia l .
3 0 . A m a te r ia l  no t a f f e c te d  by a magnet i s  c a l le d  a non-m agnetic m a te r ia l .
FINAL TEST UNIT 8, MAGNETISM
A, Armature 1 . The fo rc e  o f a t t r a c t i o n  th a t  a magnet has fo r
i r o n ,  s t e e l ,  and n ic k e l .  ____
B. Computator
2 . To make in to  a m agnet. ___
c. Compass
3 . A s o f t  i ro n  core wound w ith  w ire  c a rry in g  an
D. Dot e l e c t r i c  c u r re n t .  ___
E . E l e c t r i c  motor K. An ore  c o n ta in in g  iro n  th a t  has m agnetic
p r o p e r t ie s .  ___
F. E lectrom agnet
5. The p a r t  o f  a g en e ra to r  th a t  tu r n s .  ___
G. Iro n
6 . The im aginary  l in e s  around a magnet th a t
H. L ines o f fo rc e r e p re s e n t  th e  d i r e c t io n  and fo rc e  o f  th e
m agnetic f i e l d .  ___
I . M agnetic f i e l d
7 . The a re a  around a magnet which i s  a f f e c te d
J . M agnetite by th e  m agnet. ___
K. P o les 8 . The name of th e  ends o f a magnet. ___
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L. S te e l  9 . The m a te r ia l  used to  make tem porary  magnetSj
M. Magnetism 10. A s h o r t  in t e r v a l  between th e  c l ic k s  o f  a
te le g ra p h  sounder.
N. M agnetize
11. The in s tru m en t th a t  u se s  magnetism to  t e l l  
d i r e c t io n .
12. The ap p a ra tu s  to  change th e  d i r e c t io n  o f 
c u r re n t  in  an e l e c t r i c  m otor.
MÜLTIPLE CHOICEJ
13. The a c t io n  o f  l ik e  m agnetic p o le s  on each o th e r  i s  c a l le d  ( l )  
magnetism (2) a t t r a c t i o n  (3 ) r e p u ls io n .  _ _
14. The a c t io n  o f u n lik e  m agnetic p o le s  on each o th e r i s  c a l le d  ( l )  
magnetism (2) a t t r a c t i o n  (3) r e p u ls io n .  __
15. The p a r ts  o f th e  e a r th  tow ard which a compass p o in ts  a re  c a l le d
( l )  n o rth  o r sou th  (2) th e  geograph ic p o le s  (3) m agnetic p o le s .  __
16. A w ire  conducting  a c u r re n t  a c t s  l i k e  a ( l )  compass (2) c a r r i e r  
(3) m agnet. ___
17. The co res o f an e lec tro m ag n e t a re  made o f  ( l )  e l e c t r i c i t y  (2 ) s o f t  
i ro n  (3) magnetism . __ _
18 . A compass need le  p o in ts  in  th e  d i r e c t io n  of th e  l in e s  o f  fo rc e  on 
th e  ( l )  atm osphere (2) e a r th  (3 ) sun . ___
19. I f  a magnet i s  broken in  h a l f ,  th e  number o f magnets formed ( l )  
one (2) two (3) an i n f i n i t e  number. ___
20 . A c o i l  o f  w ire  c a rry in g  a c u r re n t  makes a ( l )  m agnetic f i e l d  (2) 
e lec tro m ag n e t (3) a perm anent magnet. ___
2 1 . The co re  o f an e lec tro m ag n e t i s  made o f ( l )  iro n  (2) s t e e l
(3) a ln ic o .__________________________________________________________ ___
22 . The s tr e n g th  o f an e lec tro m ag n e t i s  a f f e c te d  by ( l )  u s in g  a lo n g e r 
w ire , (2) making more tu rn s  o f w ire , (3 ) u s in g  very  h ard  s t e e l .  ___
2 3 . A compass n eed le  d o e s n 't  p o in t  t r u e  n o rth  and south  because ( l )  o f  
th e  e l e c t r i c  w ire s  in  b u ild in g s  (2) o f  th e  wobble in  th e  e a r t h 's  
r o ta t io n  (3) o f th e  poor s t e e l  used in  making compass n eed les  (4) 
th e  m agnetic p o le s  o f th e  e a r th  a re  some d is ta n c e  from  th e  e a r t h 's  
geograph ic  p o le s .
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24,, In  an e l e c t r i c  b e l l ,  when th e  c i r c u i t  i s  c losed  and e l e c t r i c i t y  i s  
going th rough  th e  w ire , ( l )  th e  co res of th e  e lec tro m ag n e ts  a re  
m agnetized (2) th e  co res  o f  th e  e lec trom agnets  a re  n o t m agnetized 
(3) th e  b e l l  w i l l  n o t r in g  u n t i l  th e  c i r c u i t  i s  opened. ___
2 5 . In  an  unm agnetized iro n  b a r ,  th e  p a r t i c l e s  a re  a rran g ed  in  an ( l )  
i r r e g u la r  o rd e r (2) r e g u la r  o rd e r (3) o rd e r w ith  a l l  th e  n o rth  ends 
p o in tin g  n o rth  and a l l  so u th  ends p o in tin g  so u th .________________ ___
26. A magnet w i l l  a t t r a c t  iro n  through ( l )  i r o n ,  g la s s ,  wood, or p a p e r,
(2 ) a l l  nonmagnetic m a te r ia ls  (3) on ly  m agnetic m a te r ia ls .  ___
2 7 . A w ire  conducting  an e l e c t r i c  c u r re n t  i s  surrounded w ith  ( l )  i ro n  
f i l i n g s  (2) l in e s  o f fo rc e  (3) h e a t waves and l i g h t  waves. ___
28. You can make a perm anent magnet w ith  e l e c t r i c i t y  by (1) p la c in g  an 
i ro n  b a r in  a c o i l  o f w ire  c a rry in g  a c u r re n t  (2) p la c in g  a s t e e l  
b a r in  a c o i l  o f w ire  c a rry in g  a c u r re n t (3) p la c in g  an iro n  b a r  in  
a c o i l  o f w ire  and tu rn in g  th e  e l e c t r i c i t y  on and o f f  s e v e ra l  tim e s .
2 9 . A w ire  conducting  an e l e c t r i c  c u r re n t causes th e  p o in t  o f th e  
compass n eed le  to  ( l )  tu rn  a t  r i g h t  an g le s  to  th e  w ire  (2) be 
re p e l le d  (3) sp in  around w ild ly .  __
3 0 , The arm ature o f a  motor tu rn s  because o f  th e  ( l )  a t t r a c t i o n  and 
re p u ls io n  between th e  p o le s  o f  th e  arm ature and th e  m agnets (2 ) 
e l e c t r i c i t y  (3) m agnets.______________________________________________
31-32 . Draw two diagram s showing hovr th e  m olecules a re  a rran g ed  in  (A) 
an unm agnetized b a r  o f i r o n ,  (b) a m agnetized b a r  of i r o n .
3 4 . Make a draw ing to  show th e  p a th  and d i r e c t io n  o f th e  l i n e s  o f  fo rc e  
o f a b a r magnet.
35 . Make a draw ing to  show th e  m agnetic f i e l d  between two l i k e  m agnetic 
p o le s .
36 . Make a draw ing and show th e  m agnetic f i e l d  between two u n lik e  p o le s ,
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37 . Make a draw ing to  show th e  p a th  and d i r e c t io n  o f  th e  l i n e s  o f  fo rc e  
f o r  a ho rseshoe m agnet.
3 8 . When a magnet i s  c u t in to  p ie c e s ,  each p ie ce  i s  i t s e l f  a magnet. 
Draw a diagram  e x p la in in g  t h i s .
3 9 . Draw a long  b a r  magnet and show how th e  d i r e c t io n  o f th e  compass 
n eed le  changes as  you move i t  around th e  long  m agnet.
4.0, Make a draw ing to  show how to  wind th e  w ire  around a U-shaped b a r o f 
iro n  so th e  ends o f th e  b a r w i l l  have o p p o site  p o les  when a c u r re n t  
flow s th rough th e  w ire .
PRETEST 6, UNIT 5, LIGHT
U nderline the  word th a t  b e s t  com pletes th e  fo llo w in g  s ta te m e n ts .
1 . Any m a te r ia l  th a t  w i l l  n o t l e t  l i g h t  p ass  through i t  i s  sa id  to  be .
(opaque, t r a n s lu c e n t ,  t r a n s p a re n t)
2 . A m irro r in  which th e  cu rv a tu re  i s  away from you i s  sa id  to  be ,
(convex, concave, warped)
3 .  A le n s  which i s  th ic k e s t  a t  th e  c e n te r  i s  sa id  to  be . (concave,
convex, warped)
4-. The bouncing back o f l i g h t  from an o b je c t i t  h i t s  i s  known a s  .
( r e f le c t io n ,  r e f r a c t io n ,  r a d ia t io n )
5 . An o b je c t which l e t s  l i g h t  pass through i t  b u t you cannot see  through 
i t  i s  s a id  to  be (opaque, t r a n s lu c e n t ,  tra n s p a re n t)
6 . The f in e  th re a d  or w ire  in  an  e l e c t r i c  in can d escen t lamp i s  c a l le d  
a . (carbon , f i la m e n t ,  fram e)
7 . Any o b je c t which l e t s  l i g h t  pass through i t  i s  sa id  to  be , (opaque,
tra n s lu c e n t, t r a n s p a re n t)
8 . An o b je c t tu rn ed  u p sid e  down i s  sa id  to  be . ( e r e c t ,  in v e r te d ,
opaque)
9 . An o b je c t r i g h t  s id e  up i s  s a id  to  be , ( e r e c t ,  in v e r te d ,  opaque)
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10. Bands o f co lo red  l i g h t  made by p ass in g  l i g h t  through a p rism  form 
a , (spectrum , shadow, image)
11. A tr ia n g u la r -s h a p e d  p ie ce  o f  g la s s  th a t  s e p a ra te s  a l i g h t  in to  th e  
c o lo rs  i s  c a l le d  (p rism , a t r i a n g le ,  a le n se )
12. The p ic tu r e  you see o f y o u rs e lf  in  a m irro r  i s  c a l le d  th e  .
(spectrum , shadow, image)
13. The image you see o f an o b je c t in  a f l a t  m irro r  i s  . ( re v e rs e d ,
in v e r te d , t r a n s p a re n t)
14. A le n s  which i s  th in n e s t  a t  th e  c e n te r  i s  s a id  to  be . (convex,
concave, warped)
15. The a re a  behind an opaque which does no t r e c e iv e  any l i g h t  i s  ca lled_  
(spectrum , shadow, image)
16. The speed of l i g h t  in  m iles  p e r  second is_ (186,000j 1 ,860 ; 186)
17. The p o in t  where ra y s  o f  l i g h t  a re  b rough t to g e th e r  by a le n s  i s  
c a l le d  i t s  (shadow, fo cu s , image)
18. The color- th a t  i s  ben t most by a prism  i s  (re d , w h ite , b lu e )
19. The c o lo r  o f  l i g h t  b en t l e a s t  by a prism  i s  . ( re d , w h ite , b lu e )
20 . The c o lo r  o f s u n lig h t  i s  . ( re d , w h ite , b lu e )
TRUE AND FALSE g
21. F ire  was one o f m an's e a r l i e s t  sou rces o f l i g h t .
22 . Edison  in v en ted  th e  in can d escen t lamp in  1779,
23 . The f i la m e n t used in  In candescen t lamps i s  tu n g s te n .
2 4 . Rough s u rfa c e s  a re  good r e f l e c to r s  o f l i g h t .
2 5 . D ark -co lo red  su rfa c e s  made good r e f l e c t o r s .
26 . When l i g h t  s t r ik e s  a rough s u r fa c e , i t  s c a t t e r s  in  a l l  d i r e c t io n s .
2 7 . You can see your image in  rough s u r fa c e s .
28 . The images o f o b je c ts  in  m irro rs  a re  re v e rs e d .
2 9 . Convex m irro rs  curve away from you.
3 0 . Your image in  a f l a t  m irro r  i s  in v e r te d .
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31 . G lass i s  a  good r e f l e c to r  o f l i g h t .
32 . L ig h t t r a v e ls  in  s t r a i g h t  l i n e s .
33 . Shadows a re  formed by p la c in g  an opaque o b je c t in  f r o n t  o f a l i g h t  
so u rce .
34-. l i g h t  i s  b en t when i t  p a sses  from a i r  in to  w a te r .
3 5 . A convex le n s  form s an in v e rte d  image.
36 . A prism  bends some c o lo rs  more th a n  o th e rs .
3 7 . A b la ck  c lo th  i s  a poor ab so rb e r o f l i g h t .
3 8 . White i s  a good r e f l e c to r  of l i g h t .
FINAL TEST UNIT 5 , LIGHT
The p o in t  where ra y s  o f l i g h t  a re  brought to g e th e r  by a le n s  i s  
c a l le d  a  (A) f o c a l  le n g th  (B) focus (0 ; an im age. 1 .___
2 . Dark co lo red  s u rfa c e s  make good (A) r e f l e c to r s  (B) ab so rbers
(C) in v e r te r s  o f  l i g h t .  2 .____
3 . When l i g h t  s t r ik e s  a rough s u r fa c e , i t  (A) i s  absorbed (B)
s c a t t e r s  in  a l l  d i r e c t io n s  (C) r e f l e c t s  and forms an  im age.3 .____
4-. The images o f o b je c ts  in  m irro rs  a re  (A) e r e c t  (B) rev e rsed
(C) in v e r te d .  4-.____
5. I d ^ t  i s  b en t when i t  p a sses  from a i r  in to  (A) a i r  (B) w ater
(C) s o l id s .  5 .____
6 , In  b u rn in g  f u e l s ,  l i g h t  r e s u l t s  from th e  incom plete com bustion of 
th e  (a ) l i g h t  (b ) h e a t (Cj f u e l .  6 .____
7 . O bjects a re  v i s ib l e  on ly  when (A) th ey  a re  lum inous (B) l i g h t
r e f l e c t i n g  from an  o b je c t reach es  your eye (C) th e y  a re  non- 
lum inous. 7 . -
8 . When l i g h t  r e f l e c t s  from rough aluminum f o i l  i t  i s  sa id  to  be
r e f le c te d  (A) r e g u la r ly  (B) i r r e g u la r ly  (C) as a beam of v i s ib l e  
l i g h t . 8 .____
A beam o f l i g h t  becomes v i s ib l e  i f  th e re  i s  smoke in  th e  room 
because (a ) smoke i s  luminous (B) smoke i s  w h ite  (C) the  smoke 
p a r t i c l e s  r e f l e c t  l i g h t .  9 . _
R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
-64“
10, The m irro r  t h a t  w i l l  produce an in v e rte d  image i s  th e  (A) f l a t
m irro r (B) concave m irro r  (C) convex m ir ro r .  10
11. The m irro r  th a t  w i l l  always produce a sm a lle r image i s  th e  (A)
f l a t  (b ) concave (C) convex m ir ro r . 11.
12. A convex le n s  w i l l  (A) reduce (B) e n la rg e  (C) n o t change th e
s iz e  o f  an image. 1 2 .___ _
13. In  aim ing a gun you make u se  o f th e  f a c t  th a t  l i g h t  t r a v e l s
(a) v e ry  f a s t  (B) g re a t  d is ta n c e  (C) in  a s t r a ig h t  l i n e .  1 3 .___
14. A p e n c i l  ap p ea rs  b en t when i t  e n te r s  th e  w ate r because (A) w ater
warps wood (B) w ater w i l l  no t c a r ry  l i g h t  waves (C) l i g h t  t r a v e ls  
a t  d i f f e r e n t  speeds in  d i f f e r e n t  su b s ta n c e s . 1 4 .____
15. When you look  a t  a b lu e  sw eater th rough a p iece  of re d  g la s s ,  th e  
sw eater ap pears  to  be (A) re d  (B) b lue  (C) green  (D) b la c k .
15.
16, Draw a d iagram  showing how a prism  w i l l  b reak  up  w hite  l i g h t  in to  
a  band o f c o lo rs .  E x p la in  why t h i s  happens and what c o lo rs  r e s u l t .
17 , Draw a d iagram  showing why a convex le n s  forms an in v e rte d  im age.
18. Draw a d iagram  showing why an opaque o b je c t w i l l  c a s t  shadows, one 
o f which i s  d a rk e r  th an  th e  o th e r .
19. Draw a diagram  showing why a concave m irro r  in v e r ts  th e  o b je c t  th a t  
i t  r e f l e c t s ,  and why a convex m irro r makes th e  images i t  r e f l e c t s  
seem sm a lle r  th a n  a c tu a l  s i z e .
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UNIT 2 , FIRE
E ig h t a c t i v i t i e s  were com pleted, seven o f th e s e  by th e  la b o ra to ry  
group . They a r e :
1 . Tem perature and F ire
2 . The K ind ling  Tem perature
3 . I s  A ir N ecessary  For F ire ?
A. How Does Oxygen Help Substances Burn?
5. What Are th e  P roducts o f  Combustion?
6 . How Can You Make C harcoal?
7 . What Are F u e ls  Made Of?
8 . What Happens When You Burn Hydrogen?
(T his was dem onstrated  fo r  bo th  g ro u p s .)
I ,  Tem perature and F ir e ,
M a te r ia ls  Needed:
1 . fa rm ers  matches
2 . candle
3 .  b lo ck  o f wood
A. p ie c e  o f co a l
5 . bunsen b u rner
A. Touch a  l ig h te d  match b r i e f l y  to  th e  cold wick o f  a c a n d le . 
Then ho ld  an o th e r l ig h te d  match under a la rg e  p ie c e  o f  wood.
Next hold  a match under a p ie ce  o f c o a l .
Did you s t a r t  a f i r e  in  any o f your t r i a l s ?
Did you r a i s e  th e  tem pera tu re  in  each substance?  How?
How much h e a t do you need to  s t a r t  a f i r e ?
—55—
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B. Now t r y  th e se  c o n d itio n s .
(1) Hold th e  l ig h te d  match n ear th e  w ick o f th e  cand le 
f o r  a lo n g e r tim e .
(2) Try h o ld in g  a p ie c e  o f  wood over th e  l ig h te d  bunsen 
b u rn e r .
(3) Try h o ld in g  a p ie ce  o f  c o a l over th e  l ig h te d  bunsen 
b u rn e r .
What happened in  each o f th e se  t r i a l s ?
What change was made in  each o f th e se  cases?
In which case was more tim e used  to  r a i s e  th e  ten ç ie ra tu re?
In  which case  was more tim e used and a h ig h e r tem p era tu re  
used?
What can you conclude about th e  methods th a t  can be used  to  
make v a r io u s  m a te r ia ls  burn?
I I .  The K ind ling  T em perature. Do d i f f e r e n t  su bstances  s t a r t  bu rn ing  
a t  d i f f e r e n t  tem p era tu res?
A. M a te r ia ls  needed.
1 , Cookie sh e e t
2 , Coal
3 ,  Waxed s t r in g  
A. Paper
5 . Matches
6 . Bunsen b u rner
B. D ire c t io n s .
1 . P u t th e  fo llo w in g  on a m e ta l p la te  : a p iece  o f  c o a l ,  some 
m a tc h -s tic k s , s t r in g ,  s t r in g  dipped in  l i g h t e r  f l u i d ,  
p a ra iîin -c o a ted  s t r in g ,  and p ap e r. P u t th e se  m a te r ia ls  on
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th e  m e ta l p la te  p ro v id ed , s e t  th e  p la te  on th e  s ta n d , and 
s l id e  th e  l ig h te d  bunsen b u rn e r in  under th e  m etal p l a t e .  
Watch th e  m a te r ia ls  c lo s e ly .  P u t down th e  o rder in  w hich 
each one b u r s ts  in to  flam e.
a .  What were th e  c o n tro ls  in  t h i s  experim ent?
b .  What conclu sions can you make?
I I I .  I s  A ir N ecessary  For F ire s ?
A. M a te r ia l  needed.
1 . G lass p la te
2 .  Candle
3 . Matches 
A. Chimney
5 . Two p e n c i ls  fo r  s t ic k s
B, D ire c t io n s .
1 . S tic k  a l ig h te d  candle to  th e  g la ss  p la te  prov ided  on th e  
t a b l e .  Put a g la s s  chimney over th e  can d le . Let th e  chim­
ney r e s t  on some s t i c k s  (p e n c i ls )  so i t  i s  n o t to u c h in g  th e  
p l a t e . See what happens to  th e  flam e. Now remove th e  
sm all s t ic k s  so the  chimney i s  on th e  g la s s  p l a t e .  Watch 
th e  flam e. What happened in  a l l  th re e  cases?
a .  What was th e  v a r ia b le ?
b . Did i t  have any e f f e c t  on th e  F ire ?
IV. How Does Oxygen Help Substances Burn?
A. M a te r ia ls  needed.
1 . Wood s p l in t
2 .  Mercroric oxide
3 . Bunsen burner
A. A t e s t  tube „
5 . A teaspoon  o f Ĥ O
6 . A t e s t  tube holdei
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B. D ire c t io n s ,
1 , Heat th e  H^O^in th e  t e s t  tu b e ,
2 , Put a glowing wood s p l i n t  in  a  b o t t l e  o f o rd in a ry  a i r .
3 ,  Take th e  same glowing s p l in t  and p u t i t  down in to  th e  t e s t
p
tube  where 0 i s  be in g  form ed,
a .  What happens?
b .  Does th e  oxygen make th e  s p l in t  bu rn  f a s te r ?
V. What P a r t  o f th e  A ir i s  Oxygen?
A. M a te r ia ls  needed.
1 . S te e l  wool and w ater
2 .  A t e s t  tu b e , r in g  s ta n d , and clamp
B. D ire c t io n s .
1 . Put a sm all amount o f  s t e e l  wool in  a t e s t  tu b e .
2 .  F i l l  th e  t e s t  tube w ith  w a te r , shake i t  w e ll ,  pour o f f  th e  
w a te r .
3 .  P u t th e  t e s t  tu b e , mouth down in  a beaker o f w a te r .
A. Hold th e  t e s t  tube w ith  a clamp fa s ten e d  to  th e  r in g - s ta n d .
5 . Measure th e  le n g th  o f th e  tu b e  above th e  le v e l  of th e  w a te r 
in  th e  tu b e .
6 . P rep are  a second t e s t  tube in  th e  same way b u t ^  n o t p u t 
any s t e e l  wool in  i t .
7 . Measure th e  le n g th  o f t h i s  second tube above th e  le v e l  o f 
th e  w a te r in  th e  tu b e .
8 . Let th e  experim ent s tan d  2A h o u rs . Then measure a g a in  how 
h igh  th e  w ater has r i s e n  in  each tu b e . Compare th e se  m easure­
ments w ith  th e  f i r s t  ones you to o k ,
C. Q uestions and O bse rv a tio n s .
1 . What changes do you observe?
2 .  What was th e  purpose o f  u s in g  th e  second tube w ith o u t th e  
s t e e l  wool?
Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
- 7 0 -
3 . What changes do you observe in  th e  s t e e l  wool?
Uo a .  Why did  th e  w ater r i s e  in  th e  t e s t  tube?
b . How much d id  th e  w a te r  r i s e ?
5o How much o f  th e  a i r  i s  oxygen?
V I. How Gan You Ifeke C harcoal?
A, M a te r ia ls  needed.
1 . A Bunsen Burner
2 . A t e s t  tu b e , f i t t e d  w ith  a one-ho le  s topper
3 .  A s h o r t  g la s s  tube
Uo Wood s p l in t s
B, D ire c t io n s .
1 . Use a hard  g la ss  t e s t  tube f i t t e d  w ith  a  one-hole  s to p p e r
w ith  a  s h o r t  g la s s  tube in  i t .  Put some wood s p l in t s  in to
th e  t e s t  tu b e . Heat th e  t e s t  tu b e  c o n ta in in g  th e  s p l in t s  
w ith  a  Bunsen b u rn e r .
C. Q u estio n s .
1 . W ill th e  gas g iven  o f f  a t  th e  end o f th e  s h o r t  g la s s  tube 
burn?
2 . What kind o f m a te r ia l  i s  l e f t  in  th e  t e s t  tube?
3 .  A fte r  th e  tube has coo led , remove th e  rem aining m a te r ia l .  
What i s  i t s  form?
4 . I s  i t  s o f t ,  or b r i t t l e ?
5 . Can you w r ite  w ith  i t ?
D. D ir e c t io n s .
1 . P lace p ie c e s  o f  i t  on a w ire  sc reen  and h e a t them w ith  th e  
Bunsen b u rn er a g a in . What happens?
2 .  Pure c h a rc o a l glows as  i t  b u rn s , w ith o u t form ing much o f a 
flam e. I s  th e  m a te r ia l  you removed from th e  t e s t  tube  and 
re h e a te d  charcoal?
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V II. What i s  There in  F uels  That Makes Them Burns?
A, M a te r ia ls  needed.
lo  Sm all p ie ce  of c lo th
2 .  T e s t tu b e , Bunsen b u rner
B, D ire c tio n s
1 . P lace  a sm all p ie c e  o f c lo th  in  th e  bottom  of a t e s t  tu b e .
2 .  S low ly h e a t th e  t e s t  tube  over a Bunsen b u rn e r . Be c a r e fu l
n o t to  allow  th e  c lo th  to  b u r s t  in to  flam es .
C, Q u estio n s .
1 . What changes occurred  in  th e  c lo th ?
D, D ire c t io n s .
1 . R epeat th e  above experim ent u s in g  th e  fo llo w in g ; p a p e r , wood, 
and su g a r.
E , Q uestio n s .
1 . What changes do you observe in  each?
2 .  Hold t h i s  b lack  substance  in  th e  flam e. What happens?
3 .  What i s  th e  substance which rem ained in  each case?
A. What i s  th e re  in  fu e ls  t h a t  makes them burn?
UNIT WATER
E ig h t a c t i v i t i e s  were com pleted. F ive of th e se  were done independ­
e n t ly  by th e  la b o ra to ry  work group. They a re  :
1 . How much w ater does a tom ato co n ta in ?
2 . E vap o ra tio n  i s  a co o lin g  p ro c e s s .
3 .  W ater c o n ta in s  many im p a r i t ie s .
A. Looking a t  a drop o f w a te r .
5 . How can s o l id s  be removed from w ater?
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The fo llo w in g  were dem onstrated  fo r  bo th  g roups.
6 . A dem o n stra tio n  o f th e  w a te r c y c le .
7 . The d i s t i l l a t i o n  o f  f re sh  w ater from s a l t  w a te r.
8 . How w ater vapor forms c lo u d s .
UNIT, WATER
I .  How much w ater does a s o lid  co n ta in ?
A. M a te r ia ls :  tom ato o r p o ta to ,  b read , copper s u l f a t e ,
e v a p o ra tin g  d is h ,  fo rc e p s , bunsen b u rn e r , ba lance s c a le .
B. D ire c t io n s :  Weigh a s l i c e  o f tom ato (or p o ta to )  and a sm all
d is h  to  p u t i t  i n .  Put th e  d ish  w ith  the  tom ato in  i t  over a
low flam e. Heat i t  v e ry  g e n tly  u n t i l  th e  tom ato i s  d r ie d  up 
from th e  h e a t o f th e  flam e. Now weigh th e  d ish  a g a in . Record 
th e  fo llo w in g  f a c t s  as  you do th e  experim en t.
1 . W eight of th e  o r ig in a l  s l i c e  o f tom ato . ________
2 . W eight o f  d is h  and tom ato b e fo re  h e a t in g . ________
3 . W eight o f d is h  and tom ato a f t e r  h e a t in g . ________
4 . Number (2) minus (3) ________
T his should equ a l th e  w eight o f th e  w a te r in  th e  tom ato . 
R epeat th e  above experim ent u s in g  a p ie c e  o f  bread  p ro v id ed .
1 . W eight o f th e  bread b e fo re  h e a t in g .________________ _______
2 . W eight o f  d ish  and bread b e fo re  h e a tin g . _______
3 .  W eight o f d ish  and bread a f t e r  h e a t in g . _______
4 . Number (2) minus (3 ) ,  = th e  w a te r in  b read ._______ _______
R epeat th e  above procedure u s in g  copper s u l f a t e .
1 . W eight o f  th e  copper s u l f a t e  b e fo re  h e a t in g .______ _______
2 . W eight o f  th e  d ish  and copper s u l f a t e  b efo re  
h e a t in g .
3 .  W eight o f  th e  d is h  and copper s u l f a t e  a f t e r  
h e a t in g .
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4 . Number (2 ) minus (3) = th e  w ater in  th e  copper s u l f a t e
C, Q uestions:
1 . How much water- d id  you f in d  in  th e  s l i c e  o f tom ato?_
2 .  How much w ater d id  you f in d  in  th e  b read?
3 . How much water- d id  you f in d  in  th e  copper s u l f a te ?
What can you conclude abou t w ater and l iv in g  th in g s  or th in g s  
t h a t  were a l iv e  a t  one tim e , and w ate r and some s o lid s ?  Use back.
UNIT, WATER
I I .  E vapora tion  i s  a co o lin g  p ro c e s s . W ater and a lc o h o l ev ap o ra te  a t  
d i f f e r e n t  r a t e s .
A, M a te r ia ls?  w a te r , a lc o h o l,  and watch g la s s e s ,  a m edicine d ropper,
B. D ir e c t io n s :  W ater and a lc o h o l ev ap o ra te  a t  d i f f e r e n t  r a t e s ,
1 . Put some w a te r on th e  back o f your hand. Blow on your hand. 
R e su lts?
2 . Put some a lc o h o l on th e  back o f  your hand. Blow on your hand. 
R e su lts?
In  which experim ent d id  your hand f e e l  th e  c o ld e s t?  ( l  or 2 ) 
E v apo ra tion  causes c o o lin g .
1 , P lace  th e  two w atch g la ss e s  p rovided  on th e  t a b le .  Put th re e  
drops o f w ate r in  one g la s s .  P u t th re e  drops o f a lc o h o l in  
th e  o th e r .  Fan a i r  a c ro ss  the  two d is h e s .  Which o f th e  
l iq u id s  e v ap o ra te s  f i r s t ?
2 .  U sing th e  hygrom eter p ro v id ed , wrap and t i e  th e  d ry  c lo th s  
prov ided  around th e  bu lbs o f th e  two therm om eters. M oisten  
one o f th e  c lo th s  w ith  w ater and th e  o th e r w ith  a lc o h o l.
Swing th e  hygrom eter around and take  therm om eter re a d in g  each 
m inute fo r  s e v e ra l m inu tes.
What r e s u l t s  do you observe?
What l iq u id  evapora ted  th e  f a s t e s t  and caused th e  g r e a te s t  
tem p era tu re  drop?
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TINIT, WATER
I I I .  WATER CONTAINS MANY IMPURITIES.
A. M a te r ia ls ;  Two sm all b eak e rs , s o i l ,  w a te r , a s t i r r i n g  ro d ,
washed sand, and a co ffee  can . Punch a h o le  in  i t .
Bo D ire c tio n s s  P u t equal amounts o f s o i l  in  two sm all b e a k e rs .
F i l l  beakers  w ith  w a te r and s t i r  r a p id ly  u n t i l  th e  w ate r becomes 
very  muddy. Put one beaker a s id e  where i t  w i l l  n o t be moved fo r  
a tim e . (2 4  h o u rs)
In  th e  t i n  can p ro v id ed , f i l l  th e  can w ith  sahd and pour th e  
e th e r  beaker o f muddy w ate r in to  th e  sand. Catch th e  w ate r in  
a c lean  beaker as i t  comes out th e  bottom  of th e  can .
C. Q uestions^
1 . What change d id  you observe in  th e  beaker of muddy w ate r 
24  hours l a te r ?
2 . What change did  you observe in  th e  w ate r t h a t  d rip p ed  ou t
th e  h o le  in  th e  bottom  of th e  co ffee  can?
3 . What caused th e  change?
4 . In  what two ways can s o l id s  be removed from w ater?
a .  b .
UNIT, WATER
17. MICROSCOPIC INPURITIES IN WATER.
A. M a te r ia ls ;  a m icroscope, g la ss  s l id e ,  pond w a te r , a m edicine
d ro p p e r„
B, D ire c tio n s  s Take th e  m edicine dropper and draw a few drops o f  
w ater ou t o f  the  beaker of pond w a te r . Put a drop on o f  the  
g la s s  s l id e s  provided  and p la ce  i t  under th e  m icroscope fo r  
o b se rv a tio n .
What do you observe?
Make a sk e tch  or i l l u s t r a t i o n  o f any p la n t  or an im al l i f e  th a t  
you observed .
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U N IT , WATER
V. HOW CAN SOLIDS BE REMC7/ED FROM WATER BY USING A FILTER?
A. M a te r ia ls s  Two sm all b e a k e rs , w a te r , s t i r r i n g  ro d , c o t to n ,
washed sand , washed g ra v e l , c h a rc o a l.
B, D ire c t io n s :  Put equ a l amounts o f s o i l  in  two sm all b e a k e rs ,
f i l l  them w ith  w a te r , s t i r  r a p id ly .  This should make th e  s o i l  
v e ry  muddy. I f  i t  does n o t, add a l i t t l e  more s o i l .
Take an empty c o ffe e  can or t a l l  ju ic e  can , punch a h o le  in  th e  
bottom . Put a la y e r  o f c o tto n , washed g ra v e l ,  washed sand , 
c h a rc o a l, and sand in  th e  can. Pour one beaker o f muddy w ater 
in to  th e  ju ic e  can and ca tch  th e  w ater in  a c lean  beaker as  i t  
d r ip s  ou t th e  h o le  in  th e  bottom .
What change do you observe in  th e  appearance o f  th e  w a te r?
Using th e  m icroscope, compare a drop of muddy w a te r from beaker
number 2 to  a drop  o f  w ate r d rip p in g  from th e  ju ic e  can .
UNIT WEATHER
S ix  experim ents were com pleted in  th e  s tu d y  o f t h i s  u n i t .  Three
were com pleted by th e  la b o ra to ry  work group. They a re ;
1 . What e f f e c t s  does h e a tin g  have on a i r ?
2 . Why do d i r e c t  ra y s  o f th e  sun produce more h e a t  th an  s la n te d  ra y s  do?
3 . How does a hygrom eter measure th e  hum id ity  o f th e  a i r ?
The fo llo w in g  were dem onstrated  fo r  bo th  groups.
A. What happens to  w ate r vapor when i t  i s  cooled? (Text p . 99)
5. How does a therm om eter work? (Text p . I l l )
6 . How does a barom eter work? (S c o tt Foresman T ext 8 , p .  63)
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UNIT, WEATHER
I .  WHAT EFFECTS DŒS HEATING HATE ON AIR?
A, M a te r ia ls s  A can d le , m atches, a  la n te rn  chimney, two s t i c k s ,
and a punk.
B. D ire c tio n s s  L ight a candle and pu t a chimney over i t .  Prop 
th e  chimney up w ith  two p e n c i l s .  Take th e  l ig h te d  punk and do 
th e  fo llo w in g .
1 . Hold th e  punk near th e  opening o f  th e  chimney a t  th e  bottom . 
What happens?
2 . What can you observe about th e  w eight o f the  warmed a i r ?
3 . Do you th in k  th a t  wind outdoors i s  or could be produced th e  
same way when th e  a i r ,  warmed by the  sun th a t  has h ea ted  land 
a re a s ,  beg in s to  r i s e ?
4-. Draw a diagram  showing th e  d i r e c t io n  o f th e  a i r  c u r re n ts
suggested  by th e  smoke of th e  punk when th e  punk was h e ld  n ear 
th e  to p  o f  th e  chimney and when i t  was held  n ear th e  bottom  o f 
th e  chimney.
I I .  WHY DO THE DIRECT RAYS OF THE SUN PRCDUCE MORE HEAT THAN SLANTED RAYS 
DO?
A, M a te r ia ls  neededs a f l a s h l i g h t ,  p e n c i l ,  p ap er, two therm om eters,
s u n l ig h t ,  two pans of sand .
B. D ire c tio n ss
1 . Wrap a  r o l l  o f  paper around a f l a s h l i g h t .  Hold th e  f l a s h l ig h t  
d i r e c t l y  above a p ie c e  o f paper and d i r e c t  th e  beam o f l i g h t  
from th e  f l a s h l i g h t  to  th e  p ie ce  of p ap er. Draw a l i n e  around 
th e  a re a  th a t  i s  l ig h te d  when th e  beam s t r ik e s  th e  p ap e r.
Now hold  th e  f l a s h l ig h t  so th e  l i g h t  h i t s  th e  paper a t  an 
a n g le . Draw a l in e  around th e  a rea  t h a t  i s  l ig h te d  when th e  
f l a s h l ig h t  i s  tu rn ed  on.
Which a re a  was la rg e r?
I f  t h i s  l i g h t  had been s u n l ig h t ,  which a re a  do you th in k  would 
be hea ted  more?
R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
- 7 7 -
UNIT, WEATHER
2 . P lace  th e  two pans o f sand in  th e  s u n l ig h t .  P lace  one 
so th a t  th e  ra y s  o f th e  sun s t r ik e  i t  a t  r i g h t  a n g le s ,  
and th e  o th e r  a t  an g le s  o f about A5 d eg ree s . P lace  a 
therm om eter in  each pan . A fte r s e v e ra l m in u tes , ta k e  th e  
re a d in g s  o f th e  two therm om eters.
What do you observe?
Do th e  d i r e c t  o r s la n te d  ray s  o f th e  sun h e a t th e  e a r th  
in  th e  pans th e  most?
Do th e  d i r e c t  o r s la n te d  ray s  o f th e  sun h e a t th e  e a r t h 's  
su rfa c e  th e  most?
I I I .  HOW DOES A HYGROMETER WCRK?
A, M a te r ia ls  needed g a hygrom eter a tta c h e d  to  a h an d le , a sm all
p ie c e  o f c lo th ,  w a te r .
B. D ire c tio n s  g Take th e  hygrom eter and a t ta c h  a sm all p ie c e  o f 
c lo th  around th e  bulb  of one o f th e  therm om eters o f  th e  hygro­
m e te r. M oisten th e  c lo th .  Swing th e  hygrom eter around fo r  
s e v e ra l  m inu tes , s to p p in g  o c c a s io n a lly  to  check th e  re a d in g s  
o f th e  two therm om eters. What change d id  you observe?
Which therm om eter r e g is te r e d  a drop in  tem peratu re?  Why?
I f  th e  a i r  had been v e ry  m oist in  th e  room today , what e f f e c t  
m ight t h i s  have on your o b se rv a tio n s?
Using th e  t a b le ,  compute th e  approxim ate hum id ity  in  th e  a i r  in  
th e  room to d ay .
Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
- 7 8 -
u n i t  SOUND
F ive  experim ents were completed in  t h i s  u n i t  o f  s tu d y . The 
la b o ra to ry  work group com pleted a l l  f iv e .  They a r e :
1 . Sound waves must be c a r r ie d  by som ething.
2 .  How a re  sound waves c o n tro lle d ?
3 .  Why a re  some sounds p le a s in g ?
4 . How do m usical in s tru m en ts  make sound?
5 . How does th e  t ig h tn e s s  and le n g th  o f a w ire  a f f e c t  th e  p itc h ?
I ,  SOUND WAVES MUST BE CARRIED BY SOMETHING.
A. M a te r ia ls  needed: A b e l l  j a r  and vacuum pump, an a larm  c lo ck ,
a  f e l t  pad .
B, D ire c t io n s :  In  groups o f th re e  or f i v e ,  a t ta c h  a vacuum pump to  
th e  b e l l  j a r  a i r  j e t .  Put th e  alarm  c lock  on th e  f e l t  pad in s id e  
th e  b e l l  j a r .  Pump as much o f th e  a i r  ou t o f  th e  b e l l  j a r  a s  you 
can . W ait fo r  th e  alarm  to  r in g .  When th e  c lap p er s t r i k e s  th e  
b e l l  you know i t  i s  r in g in g .  Let th e  alarm  r in g .
Can you hear i t ?  Why?
R epeat th e  experim ent and w hile  th e  alarm  i s  r in g in g , g ra d u a lly  
l e t  some a i r  back in to  th e  j a r  as  th e  alarm  i s  r in g in g .  What 
happens?
Why a re  you unable to  h ear th e  r in g in g  of an  alarm  c lo ck  c l e a r ly  
when th e  a i r  i s  pumped out of th e  ja r ?
I I .  HOW ARE SOUND WAVES CONTROLLED?
A, M a te r ia ls  needed: a megaphone, a c e i l in g  t i l e ,  an a larm  c lo ck ,
a sm all box,
B. D ir e c t io n s :  While someone i s  ta lk in g  through th e  megaphone, s tan d
behind him, th en  b e s id e  him, and f i n a l l y  in  f r o n t  o f  him .
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D escribe  th e  d if fe re n c e s  yon h ea r in  th e se  th re e  p o s i t io n s .  
1.
2 . 
3.
Why do you th in k  c h e e r le a d e rs  sometimes u se  a megaphone?
E x p la in  how a megaphone d i r e c t s  sound waves in  a p a r t i c u la r  
d i r e c t io n .
Examine th e  samples o f c e i l in g  t i l e s  p ro v id ed . P lace  th e  alarm  
c lo ck  in  th e  shoebox p rov ided  and w hile  th e  alarm  c lo ck  i s  r in g in g  
cover th e  box w ith  one of th e  squares o f  c e l l in g  t i l e s .
What happens?
How do c e i l in g  t i l e s  h e lp  reduce no ise?
Why a re  th e  h o le s  in  th e  c e i l in g  t i l e  im portan t?
III. WHY ARE SOME SOUNDS PIEASING?
A. M a te r ia ls  neededs a b ic y c le , cardboard  s t r i p s ,  clam ps, tunn ing
fo r k s „
B, D ire c t io n s  : F asten  a card  to  a b ic y c le  w heel so th a t  i t  h i t s
th e  spokes o f th e  r e a r  w h ee l. Now tu rn  th e  wheel s lo w ly . What 
k ind  o f sound do you h ea r?  Turn th e  wheel f a s t e r .  What k ind  o f 
change do you observe in  th e  sound as  th e  wheel goes f a s te r ?
What co n c lu sio n  can you make as to  how to  produce sounds o f d i f ­
f e r e n t  p itc h ?
What must be changed to  produce sounds o f  d i f f e r e n t  p itc h ?
S e t  in  v ib ra t io n  tu n in g  fo rk s  which have fre q u e n c ie s  of 256 and 
512. P lace  th e  low er end o f th e  fo rk s  on a t a b le .  I s  th e  sound 
p le a s in g ?
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Try com binations of th e  o th e r  fo rk s  p ro v id ed . What com binations 
a re  n o t p le a s in g ?
Find th e  r a t i o s  o f some o f th e se  com binations. What can you 
conclude about p le a s in g  com binations? i . e . ,  t h e i r  r a t i o s .
What d id  you observe about th e  r a t i o s  o f th e  com binations o f 
f re q u e n c ie s  th a t  a re  n o t p le a s in g ?
A fte r a tu n in g  fo rk  has seem ingly stopped producing sound, ho ld  
th e  fo rk  c lo se  to  your e a r .  Has th e  p i tc h  changed? E x p la in .
17. HOW DOES THE TIGHTNESS OF A WIRE AFFECT THE PITCH?
A. M a te r ia ls  neededi Tvro b o a rd s , w ire , w e ig h ts , two w ires  o f
d i f f e r e n t  d ia m e te rs .
B. D ire c tio n s  2 With th e  board p ro v id ed , s t r e t c h  the w ire  from th e
n a i l  in  th e  board a c ro ss  th e  two b rid g e s  and over th e  end o f  th e
b o ard . T ie a sm all w eight to  th e  end o f th e  w ire . G rad u ally  add 
more and more w e ig h ts . P luck  th e  w ire s  each tim e. What happens 
to  th e  p itc h ?  Why?
How does a v i o l i n i s t  cause th e  s t r in g s  to  v ib ra te ?
How does th e  v i o l i n i s t  change th e  t ig h tn e s s  of th e  s t r in g s  when 
he tunes  h i s  in s trum en t?
How does th e  le n g th  o f a w ire  determ ine p itc h ?
D ire c tio n s s  Use th e  w ires  mounted on th e  board as  in  th e  f i r s t  
experim en t, and leav e  th e  same w eigh ts on th e  w ire s , b u t move th e  
b r id g e s  c lo s e r  to g e th e r .  P luck th e  w ires  between th e  b r id g e s  th a t  
have been p laced  under th e  w ire s .  L is te n  to  the sound. What do 
you observe?
I s  a h ig h e r o r low er p itc h e d  sound produced when th e  b r id g e s  a re  
moved c lo s e r  to g e th e r?
How does th e  v io l in  p la y e r  sh o rte n  th e  s t r in g s  on h is  v io l in ?
Mount th e  two w ires  o f d i f f e r e n t  d iam ete rs  on the  second b o ard . Put 
th e  same w eigh ts on each w ire  to  a ssu re  th a t  the le n g th  and t i g h t ­
ness o f th e  s t r in g s  a re  th e  same. P luck one of th e  w ire s ,  th en  th e  
o th e r .  What do you observe? I s  th e  p i tc h  th e  same?
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Which w ire  produces th e  h ig h e r-p itc h e d  sound?
What can you conclude about th e  th ic k n e ss  o f a w ire in  d e te rm in ­
in g  th e  p i tc h ?  '
I
In  what th re e  ways have you found th a t  you can produce a h ig h e r  
p i tc h ?
1.
2 .
3 .
V. HOW DO MUSICAL INSTRUMENTS MAKE SOUND?
A. M a te r ia ls  needed? two t e s t  tu b e s , a p ie ce  o f  one in ch  tu b in g
(g la s s )  two f e e t  lo n g , f i t t e d  w ith  a p lu n g e r,
a  p ie ce  o f copper tu b in g  w ith a h o le  d r i l l e d
in  i t .
B. D ir e c t io n s :
(1) Take two t e s t  tu b es  t h a t  a re  th e  same s iz e .  F i l l  one o f them 
h a l f  f u l l  o f w a te r . Blow a c ro ss  each one. Which one has th e  
h ig h e r p itc h ?
Do s h o r te r  columns produce sounds o f h ig h e r o r loi,rer p itc h ?
What m usical in s tru m en t has a s l id e  which can c o n t in u a lly  be 
moved to  a d ju s t  or change the le n g th  of th e  a i r  column?
(2 ) Take th e  p iece  o f one inch  g la s s  tub ing  f i t t e d  w ith  a p lu n g er 
and blow a c ro ss  th e  opening. Move th e  p lunger up and down.
How does th e  p i tc h  change when you change th e  le n g th  o f  th e  
a i r  column?
(3 ) Take th e  p ie ce  o f copper tu b in g  s u p p lie d , blow a c ro ss  th e
open end. At th e  same tim e p u t your f in g e r  over th e  h o le  th a t  
was d r i l l e d  in  th e  tu b in g . Remove your f in g e r  and blow a g a in . 
What i s  th e  r e s u l t?
Here you shortened  th e  le n g th  o f  th e  v ib ra t in g  a i r  column when
you removed your f in g e r  from th e  h o le .
What m usica l in s tru m en t o p e ra te s  in  t h i s  manner, b u t u ses  
v a lv es  to  c o n tro l th e  le n g th  of th e  a i r  column?
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UNIT MAGNETISM
A ll o f th e  fo llo w in g  experim ents w ere perform ed by th e  la b o ra ­
to r y  work group. E ig h t experim ents were com pleted in  th i s  u n i t  o f  s tu d y . 
They a r e :
1 . F ind in g  th e  p o le s  o f a magnet
2 .  How to  make a magnet
3 . What m a te r ia ls  a re  a t t r a c t e d  by a magnet
A. Making a couçæss
5. How do th e  l in e s  o f fo rc e  a f f e c t  a compass?
6 . W ill a  magnet a t t r a c t  p ie c e s  o f i ro n  through non-m agnetic m a te r ia ls ?
7 . How i s  e l e c t r i c i t y  used to  make magnets?
8. How to  make an e lec tro m ag n e t.
UNIT, MAGNETISM
I .  FINDING THE POLES OF A MAGNET
A. M a te r ia ls  needed: Two b a r m agnets, a w ire  c ra d le , th re a d  o r s t r in g ,
a p ie ce  o f c h a lk .
B. D ire c t io n s :
( l )  Suspend a bar magnet in  th e  c ra d le  from a s t r i n g .  Mark th e  
end o f th e  suspended magnet p o in tin g  n o rth  c o n t in u a l ly .  Now 
b r in g  one end of th e  o th e r  bar magnet near th e  marked p o le  
o f  th e  suspended magnet. What do you observe?
(2 ) R everse th e  magnet in  your hand and b rin g  th e  o th e r  p o le  near 
th e  marked po le  of th e  suspended m agnet. What do you observe?
Do th e y  r e a c t  in  th e  same way?
What can you conclude about th e  a t t r a c t i o n  o f  l ik e  and u n lik e  
p o le s  o f magnets?
(3 ) Make a  sk e tch  showing th e  a t t r a c t i o n  o r r e p e l l in g  a c t io n  o f 
l ik e  and o p p o site  p o le s  o f a m agnet.
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I I .  HOW TO MAKE A MAGNET
A. M a te r ia ls  needed: Two s t e e l  k n i t t in g  n eed le s  or b ig  n a i l s ,
a b a r  m agnet, compass, i ro n  f i l i n g s .
B. D ire c t io n s :  Using th e  k n i t t in g  n eed les p ro v id ed , s tro k e  th e  
n e e d le , or n a i l ,  s e v e ra l  tim es w ith  th e  b a r magnet p ro v id ed . 
A fte r  s tro k in g  th e  n eed le  s e v e ra l  tim e s , t e s t  your r e s u l t s  by 
u s in g  th e  need le  to  p ic k  up iro n  f i l i n g s .
R e su lts?
Approach a compass w ith  your m agnetized n e e d le . What happens?
R everse th e  need le  in  your hand and approach th e  compass a g a in . 
R e su lts?
I I I .  WHAT MATERIAIS ARE ATTRACTED BY A MAGNET
A, M a te r ia ls  needed: A b a r  m agnet, p e n c i l ,  soap, g la s s ,  p a p e r, a
n a i l ,  a penny, an American n ic k le , a n e e d le , 
a dim e, p in s ,  ru b b e r , c h a rc o a l, a  ro c k , a door 
knob, m ercury, wax, aluminum f o i l ,  a gold 
o b je c t (watch b and ), a t i n  can , le a d , b re a d ,
B. D ir e c t io n s :  Using th e  b a r  m agnets, t e s t  th e  fo llo w in g  m a te r ia ls
to  f in d  ou t w hether th ey  a re  a t t r a c t e d  by a  magnet o r n o t .  See 
th e  m a te r ia ls  l i s t e d  above.
From your o b se rv a tio n s , what m a te r ia ls  were a t t r a c t e d  by th e  
magnet?
What m a te r ia ls  do a l l  th e se  o b je c ts  have in  common?
What can you conclude abou t a l l  m a te r ia ls  a t t r a c te d  by a magnet?
IV. MAKING A COMPASS
A. M a te r ia ls  needed: A b a r  m agnet, th re a d , a  n eed le , p ie c e  o f  co rk ,
w a te r , a tum b ler.
B. D ire c t io n s :  Hang a bar magnet from a p ie ce  o f th re a d . When th e  
b a r has stopped tu rn in g , observe what d i r e c t io n  th e  b a r  p o in t s .
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M agnetize a need le  by rubb ing  i t  w ith  a b a r  magnet. P lace  th e  
need le  c a r e f u l ly  on a la rg e  p ie c e  o f  cork  and pu t th e  co rk  w ith  
th e  need le  on i t  in  th e  w a te r . W ait u n t i l  th e  w ater and cork  
a re  p e r f e c t ly  s t i l l .  Check th e  d i r e c t io n  o f th e  n e e d le . What 
do you observe?
What can you conclude about th e  need le  in  a commercial compass?
V. HOW DO THE LIKES OF FORCE AFFECT A COMPASS?
A. M a te r ia ls  neededs A b a r magnet, compass
B. D ire c t io n s  s
1 . P lac e  th e  b a r magnets p rov ided  end to  end in  such a way th a t  
th e  o p p o s ite  p o le s  a re  to uch ing  to  make one long m agnet. 
S low ly move th e  compass prov ided  around th e  magnet in  a 
c i r c u la r  p a th .
2 .  How does th e  d i r e c t io n  o f th e  compass needle change as  you 
move i t  around th e  m agnet's  n o rth  po le?  I t s  sou th  p o le?
3 .  How does th e  p o in tin g  o f th e  compass needle compare w ith  th e  
l i n e s  o f  fo rc e  around a magnet? The needle o f  a compass in  a 
m agnetic f i e l d  p o in ts  in  th e  same d ir e c t io n  as  th e  l i n e s  o f 
f o r c e .
In  th e  space below, make a  draw ing o f th e  way in  which th e  
compass needle  p o in ts  as  one moves i t  around a  b a r m agnet.
V I. A MAGNET WILL ATTRACT PIECES OF IRON THROUGH NON-MAGNETIC MATERIALS
A. M a te r ia ls  needed: A b a r  m agnet, cardboard , a  copper s h e e t ,  a
p l a s t i c  r u l e r ,  aluminum f o i l ,  wood, g la s s ,  a 
lead  p l a t e ,  a g la s s  w ith  w ater in  i t ,  a  t i n  
can l i d .
B. D ire c t io n s :
1 . P lac e  a p ie ce  o f cardboard over th e  p o le s  o f a magnet and t r y  
to  p ic k  up a few paper c l i p s .
What happened?
2 .  R epeat th e  experim ent and p u t a copper sh ee t over th e  p o le s  
o f  th e  magnet and t r y  to  a t t r a c t  a few paper c l ip s  w ith  th e  
m agnet.
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R e su lts?
3 .  R epeat th e  experim ent u s in g  a p l a s t i c  r u l e r ,  aluminum f o i l ,
wood, g la s s ,  a lead  p l a t e ,  a g la s s  w ith  w ater in  i t ,  and a 
t i n  can l i d .  See i f  th e  m agnetic a t t r a c t i o n  o f th e  magnet 
w i l l  pass  th rough th e se  m a te r ia ls  and a t t r a c t  a few paper 
c l i p s .
What can you conclude about th e  a b i l i t y  o f th e  magnet to  p ic k
up m agnetic m a te r ia ls  through a l l  o f th e se  s h ie ld s?
A. What can you conclude about th e  fo rc e  th a t  magnets e x e r t
th rough  m agnetic and nonm agnetic m a te r ia ls ?
V I I .  HCW IS  ELECTRICITY  USED TO MAKE MAGNETS?
A. M a te r ia ls  needed : copper w ire , d ry  c e l l ,  iro n  f i l i n g s ,  conp>ass
B. D ire c tio n s s
1 . Connect a bare  copper w ire to  th e  te rm in a ls  o f a d ry  c e l l  
b a t te r y .  While th e  c u r re n t i s  flow ing  through th e  w ire , 
touch  th e  o th e r  end o f  th e  w ire  to  some iro n  f i l i n g s .
R e su lts?
D isconnect one w ire  from th e  d ry  c e l l .  What happens?
2 .  What can you conclude about a w ire  c a rry in g  an e l e c t r i c  
c u rre n t?
3 .  R epeat th e  experim ent and t e s t  th e  w ire  fo r  magnetism w ith  
a compass.
What do you observe?
V I I I .  THE ELECTROMAGNET
A, M a te r ia ls  needed : copper w ire , a  la rg e  n a i l ,  a 1^ v o l t  d ry  c e l l ,
paper c l ip s .
B. D ire c tio n s !
1 . Using th e  w ire  and la rg e  iro n  n a i l s  p rov ided , c o i l  abou t 
tw enty  tu rn s  o f the  copper w ire  around a la rg e  n a i l .
Connect th e  ends o f  th e  copper w ire to  th e  d ry  c e l l  b a t te r y  
to  make a com plete c i r c u i t .  Touch one end o f th e  n a i l  to  
some o f th e  paper c l ip s .
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R e su lts?
Now ta k e  one end o f  th e  copper w ire  o f f  th e  co n n ec tio n  o f 
th e  d ry  c e l l  b a t te r y .  What happens?
2 . R epeat th e  experim en t. C o il about f o r ty  tu rn s  o f  w ire
around th e  n a i l .  How many c l ip s  can be p icked up now? How
does in c re a s in g  th e  number o f tu rn s  o f w ire in  th e  c e l l
a f f e c t  th e  s tre n g th  o f th e  e lec trom agnet?
3 .  R epeat th e  above a c t i v i t i e s  b u t u se  two 1^ v o l t  d ry  c e l l s  
in s te a d  o f  one.
How many paper c l ip s  can be p icked  up now as compared to  
b e fo re?
In  what two ways can th e  s tr e n g th  o f an  e lec trom agnet be 
in c re ased ?
a .
b .
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ÜWIT LIGHT
Nine experim ents were com pleted in  t h i s  u n i t .  S ix  were com pleted 
by th e  la b o ra to ry  work group. They a r e :
1 . The r e f l e c t i o n  o f  l i g h t
2 .  Lenses
3 .  M irro rs  *
4 . L i ^ t  t r a v e l s  in  a s t r a i g h t  p a th
5. The r e f l e c t i o n  o f  l i g h t
6 . The com position  o f w h ite  l i g h t
The fo llo w in g  experim ents were dem onstrated  to  bo th  g roups.
7 . Why does a b u rn in g  f u e l  g ive l i g h t?  (p . 125)
8 . How i s  l i g h t  made w ith  e l e c t r i c i t y ?  (p . 126)
9 . What happens when c o lo rs  .are mixed? (p . 148)
^Experim ent th re e  was used to  t e s t  th e  problem  so lv in g  re s o u rc e ­
fu ln e s s  o f  bo th  g roups,
UNIT, LIGHT
I .  THE REFLECTION OF LIGHT -  R egular R e f le c tio n
A, M a te r ia ls  needed: a f l a s h l i g h t ,  a sm all m ir ro r , a r e c ta n g u la r  box
about tw ice  th e  s iz e  o f  a shoe box, a  punk, a
pane o f g la s s  t h a t  can be s u b s t i tu te d  f o r  a  s id e  
o f th e  box.
B. D ir e c t io n s :  Cut o f f  one s id e  o f  th e  box and tap e  th e  pane o f  g la s s
in  t h i s  p la c e .  (T his may be a lre a d y  p repared  f o r  y o u ). L igh t th e
punk and f i l l  th e  smoke box w ith  smoke. Shine th e  f l a s h l i g h t  beam 
in to  th e  box f i l le d  with smoke. I s  th e  r a y  o f l i g h t  c l e a r ly  d e fin e d ?
1 , P u t a sm all m irro r  in to  th e  box, add some more smoke, and sh in e  
th e  f l a s h l i g h t  beam on th e  m ir ro r . Are th e  ra y s  o f  l i g h t  s t i l l  
c l e a r ly  d e fin ed  a f t e r  r e f l e c t i o n  from th e  m irro r?
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2 , Draw a diagram  showing how th e  beams o f l i g h t  appeared  to  pass 
th rough  th e  smoke and how th e y  were r e f le c te d  w ith o u t s c a t t e r ­
in g .
C. Take a p ie c e  o f c le a r  ce llophane and roughen i t  by ru bb ing  i t  w ith  
a p ie ce  o f s t e e l  wool u n t i l  th e  su rfa c e  has a u n ifo rm ly  d u l l  
appearance . I n s e r t  t h i s  in to  th e  box in  p lace  of th e  p lan e  m irro r  
th a t  was in  th e  beam of l i g h t .
1 . How does th e  ra y  o f l i g h t  th a t  i s  r e f l e c te d  d i f f e r  from  b e fo re?
2 . P lace  your eye in  d i r e c t  l i n e  w ith  th e  r e f le c te d  beam from  th e  
m ir ro r . R esu lt?
3 . R epea t, u s in g  th e  d u lle d  cellophane r e f l e c t o r .  D escribe  and 
t e l l  why th e re  i s  a d if f e re n c e .
UNIT, LIGHT
I I .  VfflAT HAPPENS TO LIGHT WHEN IT PASSES THROUGH LENSES?
A. M a te r ia ls  needed? a  convex le n s ,  a concave le n s .
B. D ire c t io n s :  Use th e  convex le n s  and la y  i t  on a p r in te d  page in
your d e sk . S low ly draw th e  le n s  away from th e  p r in te d  page.
1 . What do you observe? Does th e  p r in t in g  o f  th e  page become 
la r g e r  o r sm alle r?
2 . Hold th e  convex le n s  a t  arms le n g th  and look  a t  some d i s t a n t  
o b je c t .  What do you observe abou t th e  image seen th rough  th e  
le n s?
3 .  In  th e  space below, draw a diagram  showing how th e  beams o f 
l i g h t  a re  b e n t as th ey  pass through th e  convex le n s  and produce 
th e  above observed r e s u l t s .
C, Use th e  concave le n s  and la y  i t  on some p r in t in g  in  your book and
slow ly  draw th e  le n s  away.
1 . What do you observe?
2 .  Hold th e  concave le n s  a t  arms le n g th  and look a t  some o b je c t
in  th e  d is ta n c e .  What do you observe about th e  image seen
through th e  le n s?
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In  th e  space below, draw a diagram  showing how th e  means o f 
l i g h t  a re  b en t a s  th e y  p ass  through a concave le n s  to  p ro ­
duce th e  observed r e s u l t s .
UNIT, LIGHT
I I I .  MmCES
A. M a te r ia ls  neededs concave and convex m irro rs .
B. D ire c tio n s?  Using th e  concave m irro r , do th e  fo llov /ing  e x e rc is e s .
1 . Look in to  a concave m ir ro r , what do you observe abou t th e  
image th a t  i s  formed?
2 . Take your p e n c i l ,  la y  i t  on th e  m irro r  and slow ly  move i t  
away. When th e  p e n c i l  i s  about o n e -h a lf  inch  away, w hat do 
you observe concern ing  th e  r e f le c te d  image?
3 . As you move your p e n c i l  f a r th e r  away from the m ir ro r , w hat 
do you observe abo u t th e  r e f le c te d  image?
A. In  th e  space below , draw a diagram  showing how th e  beams of
l i g h t  a re  r e f le c te d  to  cause each o f th e  above r e s u l t s .
C. U sing th e  convex m ir ro r ,  do th e  fo llo w in g  e x e rc is e s .
1 . Look in to  a convex m ir ro r . What do you observe abou t th e  image 
th a t  i s  formed?
2 . Take your p e n c i l ,  l a y  i t  on th e  m irro r and s lo w ly  draw i t  away. 
What do you observe concern ing  th e  r e f le c te d  image when th e  
p e n c i l  i s  about^one, two, and th re e  inches away?
3 .  In  th e  space below, draw a diagram  showing how th e  beams of
l i g h t  a re  r e f le c te d  to  cause each of th e  above r e s u l t s .
UNIT, LIGHT
IV, LIGHT TRAVEIS IN A STRAIGHT PATH
A, M a te r ia ls  needed? fo u r  p ie c e s  of ca rdboard , a can d le , a ju ic e  can,
t i s s u e  p ap er.
B. D ire c t io n s ;
1 . Using th e  fo u r p ie c e s  o f cardboard p ro v id ed , ( th a t  a lre a d y  
have a h o le  punched in  them) a rran g e  th e  card s  so th a t  when
th e y  a re  s&t up and arranged  in  a s t r a i g h t  l i n e  you can look
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th rough  th e  ho les  in  a l l  fo u r  o f them . P lace  a cand le  flam e so 
t h a t  i t  can be seen by lo ok ing  through a l l  th e  cards when th e y  
a re  spaced abou t t h i r t y  c e n tim e te rs  (tw elve inches) a p a r t .
Now p u l l  one o f th e  cards a l i t t l e  ou t o f l i n e  w ith  th e  o th e rs
and t r y  to  look  th rough a t  th e  candle flam e.
Can you see th e  flam e? Why?
What does t h i s  show about l ig h t?
2 ,  U sing th e  p in h o le  camera provided  ( ju ic e  can w ith  a h o le  in  one 
end and t i s s u e  paper covering  th e  o th e r)  observe a  cand le  flam e 
th rough  th e  p in h o le  camera in  th e  darkened a rea  o f  th e  room.
What do you observe abou t th e  image re c e iv e d  on th e  t i s s u e  paper?
How does t h i s  show th a t  l i g h t  t r a v e l s  in  a s t r a ig h t  l in e ?
Draw a diagram  showing hov; th e  image re c e iv e d  becomes in v e r te d .
UNIT, LIGHT
V. THE LAWS OF REFLECTION
A. M a te r ia ls  needed : two p ie c e s  o f cardboard w ith  s l i t s  c u t in  them ,
a m ir ro r ,  a s t i c k  th a t  w i l l  s tan d  by i t s e l f
ahead of th e  m irro r , la rg e  sh e e ts  o f draw ing
p a p e r. (18 x 2^)
B. D ire c tio n s?  O ral in s t r u c t io n s  given by your te a c h e r  w i l l  and must 
p recede th e  fo llo w in g . FOR THESE, see  p . 175 UNSEC0 SOURCE BOOK.
1 . Bend th e  p ie c e s  o f cardboard in  th e  form of a s to o l .  The 
ends form le g s  and in  th e se  le g s  cu t a s l i t .  Through t h i s  
s l i t ,  s ig h t  th e  image o f  th e  s t i c k  th a t  i s  r e f le c te d  in  th e  
m ir ro r .  Then w ith  your p e n c i l ,  t r a c k  down th e  p a th  o f  l i g h t  
from th e  r e f l e c t i o n  o f the  s t i c k  in  th e  m irro r  to  th e  s l i t s  
in  le g s  o f  your cardboard  s to o l .  R epeat th e  a c t i v i t y  s ig h tin g  
th e  r e f l e c t i o n  of th e  image in  th e  m irro r from th e  o th e r  s id e  
o f th e  m ir ro r .
Make a diagram  o f th e  p o s i t io n  o f your s to o l ,  th e  m ir ro r , and 
th e  p e n c i l  marks th a t  you made showing th e  p a th  o f th e  l i g h t  
r e f le c te d  from th e  image of th e  s t ic k  r e f le c te d  by th e  m ir ro r .
What does t h i s  show you about th e  way in  which l i g h t  i s  r e f l e c t ­
ed when i t  s t r ik e s  a m irro r?
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2 . Draw a broken l in e  on a  p ie ce  o f  paper w ith  a r u l e r .  Next 
draw a s t r a i g h t  l i n e  from i t  a t  any a n g le . S e t a m irro r  up­
r ig h t  a t  th e  p o in t  where th e  two l in e s  m eet. Turn th e  m irro r  
u n t i l  th e  r e f l e c t i o n  o f ; th e  d o tte d  l in e  i s  in  l in e  w ith  th e  
r e a l  d o tted  l i n e .  Now look  in to  th e  m irro r  and l in e  up one 
edge o f your r u l e r  w ith  th e  r e f l e c t i o n  o f  th e  s t r a i g h t  l i n e .  
Draw t h i s  l i n e  w ith  your p e n c i l  and measure the  an g les  on each 
s id e  o f th e  broken l in e  w ith  a p r o t r a c to r .
Draw a diagram  showing your work.
R epeat t h i s  a c t i v i t y  and change th e  s iz e  of the  a n g le .
R e su lts?
What does t h i s  show you about th e  way in  which l i g h t  i s  
r e f le c te d  from a m irro r?
UNIT, LIGHT
V I, THE COMPOSITION OF WHITE LIGHT
A, M a te r ia ls  needed: a p rism , s u n l ig h t ,  a p ie c e  o f w h ite  cardboard.
B. D ire c t io n s :  A djust th e  window shade so th a t  th e  sun comes 
th rough  a narrow s l i t .  P u t a p rism  in  t h i s  beam of l i g h t .  Now 
tu rn  th e  prism  in  t h i s  beam o f l i g h t  u n t i l  you g e t a group of 
c o lo rs  on th e  p ie c e  o f cardboard .
D escribe  th e se  c o lo rs .
Make a diagram  and, i l l u s t r a t e  how a prism  w i l l  b reak  up a  beam
o f  w hite  l i g h t  in to  a band o f c o lo rs .
What i s  t h i s  band o f c o lo rs  c a lle d ?
R epeat th e  in s t r u c t io n s  above u s in g  a g la s s  of w ate r in s te a d  o f 
a p rism . P lace th e  g la s s  v e ry  f u l l  o f  w a te r on th e  window ledge 
in  th e  s u n l ig h t .  Let i t  p r o je c t  a l i t t l e  over th e  in s id e  edge
o f  th e  window le d g e . P lace  a p iece  o f  w hite  paper on th e  f lo o r .
What do you observe?
What does a prism  or w ater do to  w h ite  l i g h t  ( s u n lig h t)?
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SURVEY OF STUDENT ATTITUDES QUESTIONNAIRE
The fo llo w in g  q u e s tio n s  were answered by th e  p u p ils  who p a r t i c i ­
p a ted  in  th e  two la b o ra to ry  groups in  an a ttem p t to  survey th e  s tu d e n t 
a t t i t u d e s  and p re fe re n c e s  concern ing  th e  two methods o f la b o ra to ry  
in s t r u c t io n .
1 . Do you en joy  doing la b o ra to ry  work more th an  w atching th e  experim ent 
being  perform ed by th e  te a c h e r?  1 . _______
2 . Do you understand  th e  experim ent b e t t e r  when th e  te a c h e r  does i t  
th an  when you do i t  y o u rse lf?  2 .  _______
3 . Do you p re f e r  to  have th e  te a c h e r  do a l l  th e  experim ents or 
d em o n stra tio n s  ? 3 .  _______
U. Do you p re f e r  to  have a l l  in d iv id u a l  la b o ra to ry  work? A. _______
5 . Do you th in k  th a t  you could le a rn  as  imich from a s im ila r  course  
having  no accompanying la b o ra to ry  work? 5 .______
6 . Do you th in k  th a t  having in d iv id u a l  la b o ra to ry  work encourages 
you to  work h a rd e r?  6 .____
7 . Do you th in k  th a t  having in d iv id u a l  la b o ra to ry  work helped  
in c re a se  your i n t e r e s t  in  sc ien ce?  7 .____
8 . Do you th in k  th a t  in d iv id u a l la b o ra to ry  work helped  you to  
remember th e  f a c t s ?  8 . _
9 . Do you th in k  th a t  w a itin g  to  do th e  experim ent i s  too  t i r i n g ?
9 .  
10. Do you p re f e r  w r i t te n  to  o r a l  in s tru c t io n s ?  10.___
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THE EXPERIMENT USED TO MEASURE 
PROBLEM SOLVING ABILITIES
I I I . MIRRCRS
A. M a te ria ls  needed: concave and convex m ir ro rs .
B. D ire c t io n s :  Using a concave m ir ro r , do th e  fo llo w in g  e x e rc is e s .
1 . Look in to  a concave m ir ro r , what do you. observe ab o u t th e  
image th a t  i s  formed?
2 . Take your p e n c i l ,  la y  i t  on th e  m irro r and s low ly  move i t  
away. When th e  p e n c i l  i s  about o n e -h a lf  inch  away, what 
do you observe concern ing  th e  r e f le c te d  image?
3 .  As you move your p e n c i l  f a r th e r  away from th e  m ir ro r ,  what 
do you observe about th e  r e f le c te d  image?
4-. In  th e  space below, draw a diagram  showing how th e  beams of
l i g h t  a re  r e f le c te d  to  cause each o f th e  above r e s u l t s .
,C. Using th e  convex m irro r , do th e  fo llo w in g  e x e rc is e s .
1 . Look in to  a convex m ir ro r .  What do you observe abou t th e  
image th a t  i s  formed?
2 . Take your p e n c i l ,  la y  i t  on th e  m irro r  and s low ly  draw i t  
away. What do you observe concern ing  th e  r e f le c te d  image 
when th e  p e n c i l  i s  abou t one, two, and th re e  in ch es  away?
3 .  In  th e  space below , draw a diagram  showing how th e  beams o f
l i g h t  a re  r e f le c te d  to  cause each o f th e  above r e s u l t s .
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GLàSS ROLE AND TEST SCORES OF VARIOUS UNITS 
SCIENCE CLASS S-1
Name I .Q . UNIT I UNIT I I UNIT H I UNIT IV UNIT V UNIT VI
1 . BONE,G. 87 7 26 17 3if 19 28 13 37 13 32 18 19
2. EHNOT,G. lOli 6 U3 16 28 21 29 17 31 16 29 21 17
3. EVANS,A. 122 11 if6 20 la 2if i a 17 ifO 17 38 19 23
if. FOPP,C. 102 3 33 19 28 20 37 10 33 13 29 lif 16
3 . FORSMAN,D. 82 6 20 17 18 11 23 11 19 11 2if 16 12
6 . GADBA¥,B. 116 2 la lif 32 21 30 13 36 7 23 13 17
7 . GREGG,J. 111 9 if2 19 36 16 33 16 39 10 27 18 13
8 . LANDSVERKjK. 118 3 if3 21 3if 19 Ifif 23 if2 17 32 27 23
9. LESTER,B, 118 7 lf7 20 ifO 19 if6 1 6 if7 17 33 13 21
10. PROBST.E. 112 3 21 lif 33 7 20 11 3if 13 28 10 12
11. SABO,J. H it if if7 16 38 27 if3 16 ifif lif 36 17 17
12 o SAMPSEL,G. 123 9 if3 17 ifO 18 ifif 21 ifif 10 33 27 2if
1 3 . SAUNDERS, S. 93 1 21 19 20 10 13 10 29 10 21 12 13
l i t . SCOTT, J . 100 if 33 lif 28 13 23 13 32 lif 29 18 13
13 . SHORT,R. 91 3 18 16 28 22 23 lif 38 13 29 11 19
1 6 . SOWA,A. 113 3 37 lif 32 23 ia 16 38 lif 33 21 18
17 . STEEN,D. 90 2 20 13 23 16 23 9 37 11 23 12 16
1 6 . STOKES,R. l l i f 7 18 17 33 2if 26 13 ifO 7 22 19 18
1 9 . TANBERG,L. lOif 10 if2 20 32 16 16 if8 16 37 19 16
20. VAMCIL.D. 120 13 if3 11 33 23 if2 23 if8 16 38 31 23
21. WALTARI,G. 101 2 33 13 23 13 28 12 ifO 13 3if 3 21
22. WHITE,J. 97 7 33 20 26 12 23 11 33 13 36 12 17
23. WILKINS,T. 98 6 ifi 13 28 2if 33 18 37 13 38 2if 17
2h.
2$.
2 6 .
BODTKEjV. 
GRAVES,L 
LOCKEjS.
Incom plete d a ta
II II
n II
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CLASS ROLE
SCIENCE CLASS S -2
NAME I.Q . UNIT I UNIT I I UNIT I I I UNIT IV UNIT V UNIT VI
1 . DUNCAN,J. lOif 7 if3 17 39 17 39 18 35 7 27 23 21
2. DUNCAN,S. 102 9 37 17 36 12 37 13 3if 9 28 12 17
3. LATTINjR. 83 6 20 13 32 21 3if 15 3if 11 31 13 16
if. MANS,R. 112 10 if8 21 ifO 28 if6 2if if6 16 37 15 25
5 . MG BEE,E. 83 6 30 13 20 7 23 lif 3if 11 2lf 11 10
6 . MC KAY,J. 101 2 27 12 21 11 20 10 32 Incom plete d a ta
7 . MC LAUGHLINjR. 106 8 33 18 if3 17 3if 15 3if 10 32 16 13
8 . MC NICOL,C. 126 7 if6 17 37 17 37 18 ifif 11 30 2if 16
9. MG GUIRE,G. 118 lif if7 22 if8 12 ifif 19 ifif 12 37 23 23
10. MORRIS,D. 117 13 if6 22 if3 22 if3 21 ifif 11 36 21 21
11 . NASH,L. 12if 9 if6 16 33 13 33 li f ifO 15 33 20 19
12. NIVENS,P. 116 3 31 lif 31 13 3if 15 ifO 11 29 17 15
13. PACHEK,M. 108 2 38 18 37 17 37 18 36 10 29 15 21
lif . PAINTER,V. l U 8 if3 13 ifO lif 33 15 ifl 9 27 17 19
1 3 . PANDIS,D. 119 8 if6 20 39 12 ifO 19 if6 16 36 19 22
1 6 . PISONEjS. 99 3 31 lif 21 12 17 15 38 11 19 2if 13
17 . PRICHARD,R. 103 8 if3 20 32 7 31 18 37 li t 31 16 16
1 6 . RANDALL,L. 113 7 if3 18 3if lif 30 16 37 12 27 19 23
19. ROGERS,E, 103 8 32 19 if2 17 37 19 if5 12 35 18 21
20. RUFF.P. 99 8 27 20 33 13 28 15 38 15 32 13 17
21. SANDERS,R. 1 0 6 6 31 13 30 21 36 18 36 15 30 20 16
22. SEIDLER, G. 111 6 39 16 3if 11 30 17 37 lif 32 21 lif
23. ROBINSON,C. 108 l i f ifO 22 28 2lf 35 lif 3if 15 21 13 17
2if. WARGO,J. 113 3 ifO 21 38 lif 31 16 if3 13 30 19 17
23. SOTER,N. 120 3 if6 17 if3 12 3if 18 if9 12 38 26 23
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CLASS ROLE 
SGIMCE CLASS S-3
NAME I.Q. UNIT I UNIT II UNIT III UNIT IV UNIT V UNIT VI
1 . ARGALL,¥. 9? 1 25 15 35 20 30 I k 30 11 30 15 18
2. BALLENjM. 113 0 36 18 38 21 k6 19 k5 16 36 18 20
3. BLEND,J. 117 2 2k 15 2k 20 31 13 3k 13 32 15 17
U. BUNKER,K. 113 k k2 12 ko 16 32 16 ko 12 35 9 21
5. BÏERS.C. 112 5 k5 21 k2 26 k5 25 k3 16 38 28 20
6 . CARLSON,C. 103 1 25 16 30 19 33 13 35 13 33 15 17
7 . CLARK,R. 112 1 35 I k 35 21 3k 17 k2 12 33 23 20
8 . COONS,S. 123 7 k5 20 35 2k 37 17 39 15 37 18 19
9 . ELLINGSTON,C. 106 3 37 16 35 19 37 15 k2 15 36 Ik 20
10. ENGLE,L. 117 k k2 I k 30 21 3k 16 kk 10 3k 18 19
11 . ENSLEÏ,L. 125 10 kL 18 ko 29 39 17 k3 9 28 15 16
12 . FIEBRANZ,C. 98 0 35 18 21 25 38 I k 38 11 29 18 19
13. GODAK,G. 89 2 17 10 3k Ik 15 11 17 7 29 10 10
I k . GRISMER,L. 8k 1 ko 19 35 19 26 18 35 7 20 20 15
1^. HESS,.J, 108 7 k7 20 37 23 kk 20 kk 15 28 19 23
16 , HUTTON,S. 111 k k3 13 39 26 k5 21 k6 11 28 21 21
1 7 . JONES,R. 111 5 28 16 38 18 kk 20 38 15 37 22 18
1 8 . KNIGHT,S. 120 6 k6 15 36 31 la 23 k7 15 36 18 2k
1 9 . LUCINA, K. 107 2 k2 1 6 37 29 39 18 39 15 31 19 16
20. MYRE,R. 91 k k3 13 3k 16 3k 13 37 13 30 16 17
21. NELSON,S. 95 7 25 17 35 16 33 12 kk Ik 32 20 16
22. ROSS,¥. 103 10 3k 23 35 28 37 19 k3 16 37 16 20
23. STRAUSE,M. 122 2 k5 19 k3 26 k3 23 k5 17 36 20 25
2k. ¥ANIATA,D. 108 9 39 1 6 3k 21 ko 20 k6 16 35 17 19
2$. ZACEK,D. 115 9 ilk 20 37 19 ko 19 kk 15 32 18 19
26. ¥ILLITS,I. lok 7 27 15 28 22 25 17 k2 Ik 30 19 20
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NAME I.Q.
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CLASS ROLE
SCIENCE CLASS S - I4.
UNIT I UNIT II UNIT III UNIT 17 UNIT V UNIT VI
1 . CUNNINGHAM 1 03 11 itO 13 37 16 33 13 it8 11 39 17 13
2 . DAMON,H. 67 0 1$ 6 12 23 7 11 li t 3 22 13 13
3 . DENGEL, L. 112 inconç)lete d a ta 20 33 18 it3 •• CB ..
It. DODGE,E. 81 2 11 13 12 17 3 3 23 7 2it 13 6
HAGEN,G. 103 it 30 1$ 33 1 3 26 13 itl li t 32 2it 13
6 . HAT,M. 102 it 2it 1$ 23 17 20 1 3 30 1 3 27 13 13
7 . HOPPER,M. 108 6 it6 17 itl 2it it7 23 33 11 2it 29 22
8 . HOLT,D. 102 6 27 1$ 37 l i t 26 1 3 it3 13 39 21 13
9 . HRUBÏ,M. incom plete d a ta
1 0 . HUMBLE, G. 1 0 3 incom plete  d a ta - - *- - “ « — *=
11 . HUGHES,J.u 88 5 37 12 33 17 itO 17 itl 13 27 19 13
12. ISAKSON,D. 118 2 itl 13 31 11 23 18 36 1 3 3it 16 13
13. JAMES, J . 101 3 37 17 38 17 39 23 itl l i t 31 21 13
l i t . JOHNSON,A, 108 3 28 18 32 18 38 23 33 16 37 21 22
1 5 . JOHNSOÜ,G. 105 6 25 1$ 38 20 32 13 30 16 33 19 17
1 6 . JOSEPHSON,B. 10$ 7 26 23 lt3 27 36 17 33 13 33 21 13
17. KEROWAC,B. 88 0 27 12 23 10 20 13 38 9 27 13 lit
16 . KJELSRUD,M. 113 it itit 23 it2 li t itit 23 it8 17 38 31 23
1 9 . KLEPZIG,K. 109 it 25 12 38 2it 37 13 37 12 33 19 17
20. KNAPP ,M. 102 1 21 1$ 23 l i t 30 12 33 li t 30 17 13
21. LAMERE,J. 8? 0 13 13 26 l i t 17 11 22 13 30 9 9
22. MC MASTER,L. 98 it 2^ 7 37 13 19 13 28 l i t 2it 17 13
2 3 . SWARTZ,G. 99 it 31 1 6 36 16 23 16 37 13 33 19 13
2it. WHITLETjD. 113 incom plete  d a ta 18 itO 18 it3 13 36 19 22
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G U S S  ROLE
SCIENCE CLASS S - 5
NAME I.Q . UNIT I UNIT I I UNIT I I I  UNIT IV UNIT V UNIT VI
1 . KNOTE,C. 112 0 37 13 27 12 31 l é 39 13 27 18 17
2 . LANG,D. 108 2 35 12 38 li t 37 17 i|2 11 36 18 20
3 . LAUGH,P. 118 3 16 16 39 17 it3 21 itO 13 3it 25 23
LEITGEB,R. 97 2 37 16 ito 17 38 18 itl 11 35 16 21
g . LEVB3UE,K. 120 9 it6 17 39 li t 37 21 it5 li t 36 23 21
6 . LETEQUEjL. 93 1 20 lit 32 13 15 l i t 38 11 39 19 11
7 . LEWIS,A. 106 2 30 li t 35 li t 28 15 27 11 20 17 19
8 . LUEDTKE,¥, 92 2 20 19 32 7 28 9 36 15 28 10 20
9. LURASS, M. 91 it 35 15 25 9 27 11 38 15 35 12 li t
10 . MADSON,J, 102 1 38 17 3it 25 2h 15 32 10 19 17 li t
11 . MALISANIjL. 102 3 32 13 it3 13 ko 23 itl 11 23 30 17
12 . MANN,D. 127 10 it7 18 it3 22 it5 21 it6 18 it3 18 21
13 . MARBLE,R. 120 8 it8 16 ÜL 16 it3 19 itit 13 37 20 23
l i t . MARIANETTE,L, 108 2 32 13 29 18 31 19 itO 13 36 20 12
15. MATHIAS,C. 110 3 36 15 32 16 37 13 ill 12 35 15 18
16 . MC BEE,I. 71 0 20 5 22 13 7 H 27 6 15 9 8
1 7 . MC CANN,L, 105 2 38 li t 26 17 it3 18 itO 12 28 20 17
16 . MC PHERSON,M. 118 it it7 11 it2 18 it7 21 itit 17 38 22 25
19 . MEHIHOFF,S. 111 3 it7 16 30 12 37 17 itO 15 32 18 9
20. MURPHY,C. 113 6 31 16 29 l i t 3it 15 36 11 33 13 15
21. MUZZANA,R. 117 2 it6 18 itl 19 39 25 it7 17 39 23 19
22. O PIE ,J. lOit 2 39 13 36 17 39 19 itit 18 38 20 22
23. WEISSMAN, P. 120 6 it6 17 itO 10 itl 18 itit 15 37 19 21
2it. WHITMORE,P. 95 incom plete  d a ta - - - — - - -
25. MG BRIDE,B. - 2 20 — 28 22 - « 17 - — «
26. KNUDSONjD. — - — - BO 17 37 19 36 15 33 13 lit
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CLASS ROLE
SCIENCE CLASS S - 9
NAME I.Q . UNIT I UNIT I I UNIT I I I UNIT IV UNIT V UNIT VI
1 . EASTMAN,G 3 30 17 27 17 26 15 itC 15 36 15 15
2 . FATLERjL. 5 it5 21 39 li t 38 23 it5 17 38 19 22
3. FLEGELjR. 8 35 18 35 17 38 15 itl 11 37 22 18
U. GOULET,C. 3 20 21 10 l i t 27 9 27 11 35 9 9
5 . GANGNER.D. 2 35 11 22 l i t 29 13 35 12 25 13 15
6 . MISCHELLOTTE,G. 8 30 19 25 13 25 17 36 15 25 22 17
7 . SULLIVANjV. 7 it6 17 3it 17 38 15 it5 17 37 18 15
8 . TAYLOR,P. It 37 18 37 13 3it l i t 39 15 36 13 lit
9 . TRAMILLI,M. it lt5 16 25 16 3it 16 35 15 32 18 17
10 . TRIPP,J. 3 30 15 20 13 37 19 36 15 33 21 15
11 . VICK,J. 5 lt6 17 31 17 39 18 itit 17 38 17 16
12. WAHLjJ. 5 31 13 28 10 2lt 15 3it 15 33 16 7
13. WALKERjM. 3 32 17 29 19 31 18 35 16 28 18 12
l i t . WALKER,S. 5 it5 21 38 15 ItO 15 it3 21 38 18 13
15. WAYMIRE.P. 8 30 19 30 l i t 28 12 32 12 31 15 15
16. WEARjN. 11 lt5 2it it3 18 itit 21 itit 17 37 25 13
17 . WESCHE,S. 6 3lt 15 38 13 ItO 19 36 19 37 22 16
18. WEST,S. 3 U7 17 U2 19 lt7 23 h i 17 31 17 19
19. WESTCM,K. 6 30 16 30 17 22 12 25 l i t 32 20 16
20. WETZEL,B. 0 20 l i t 12 5 17 5 36 11 25 16 2
21. WHITEHOUSE,R. 7 17 11 20 10 22 6 27 12 31 17 7
22. WILDA,J. 13 lt5 17 h i 18 39 22 h i 19 37 2it 19
23. WILLEI,M. 2 36 18 26 16 ItO 9 39 15 38 16 11
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CLASS ROLE
SCIENCE CLASS S - 9
NAME I.Q. UNIT I UNIT I I UNIT I I I UNIT IV UNIT V UNIT VI
2U. WOLFE, J . h 30 18 23 13 22 11 3U 13 23 16 13
2$. WOOD,S. 1 16 23 12 33 13 38 13 30 18 19
26. YOUNG,G. 1 20 li t 16 13 6 7 18 11 26 13 12
27. ZAHARA,P. 5 h2 18 37 18 33 20 Itl 13 3lt 22 16
28. ZORNER,R. 6 li t ii2 17 36 21 lt3 16 36 16 18
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AND
PRETEST SCORES
-103
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O R IG IN A L  DATA
MATCHING STUDENTS BY I .  Q .
CONTROL GROUP EXPERIMENTAL GROUP
lucn ; a
Uicc I S Ï
NAME tl.CN P F P F P F P F P F P F NAME P F P F P F P F P F P F
104 6 45 16 28 21 29 17 31 21 17 16 29 7 17 15 28 22 25 27 42 19 20 14 30
122 11 46 20 41 24 41 17 40 19 23 17 38 10 41 18 40 29 39 17 43 15 16 9 28
Ilf? ? 41 14 32 21 30 13 36 13 17 7 25 9 44 20 37 19 40 19 44 18 19 15 32
Ill 9 42 19 36 16 35 16 39 18 13 10 27 4 43 13 39 26 45 21 46 21 21 11 28
118 3 45 21 34 19 44 23 42 27 23 17 32 14 47 22 48 12 44 19 44 23 23 12 37
118 7 47 20 40 19 46 16 47 15 21 17 35 6 46 15 36 31 41 23 47 18 24 15 36
112 5 21 14 23 7 20 11 34 10 12 13 28 1 35 14 35 21 34 17 42 23 20 12 33
114 4 47 16 38 27 45 16 44 17 17 14 36 8 45 15 40 14 33 15 41 17 19 9 27
123 9 45 17 40 18 44 21 44 27 24 10 33 7 45 20 35 24 37 17 39 18 17 15 37
10. 93 1 21 19 20 10 15 10 29 12 13 10 21 1 20 14 32 13 15 14 38 19 11 11 39
100 4 35 14 28 15 23 15 32 18 13 14 29 6 31 15 30 21 36 18 36 20 16 15 30
91 3 18 16 28 22 25 14 38 11 19 15 29 4 43 13 34 16 34 13 37 16 17 13 30
113 5 37 14 32 23 41 16 38 21 18 14 33 7 45 18 34 14 30 16 37 19 23 12 27
114 7 18 17 33 24 26 15 40 19 18 7 22 5 40 21 38 14 31 16 43 19 17 13 30
120 15 45 11 33 25 42 23 48 31 25 16 38 5 45 21 42 26 45 25 43 28 20 16 38
98 6 41 15 28 24 35 18 37 24 17 15 38 0 35 18 21 25 38 14 38 18 19 11 29
103 11 40 13 37 16 33 15 48 17 13 11 39 2 38 14 26 17 43 18 40 20 17 12 28
105 4 30 15 33 13 26 13 41 24 15 14 32 7 43 17 39 17 39 18 35 23 21 7 27
102 4 24 1  15 25 17 20 113 30 15 13 ! 15 27 9 37 17 36 12 37 13 34 12 17 9 28
20. 108 8 46 i 17 41 24 47 25 35 29 22 11 24 7 47 20 37 23 44 20 44 19 23 15 28
103 5 37 12 33 17 40 ,17 41 i  19 15 13 27 10 34 23 35 28 37 19 43 16 20 16 37
88 2 41 13 31 11 25 18 36 : 16 15 . 15 34 2 17 10 34 14 15 11 17 10 10 7 29
118 3 37 17 38 17 39 23 41 21 13 14 31 4 42 14 30 21 34 16 44 18 19 10 34
105 ' 6 25 15 38 20 32 15 20 1? 17 16 35 3 37 16 35 19 37 15 42 14 20 15 36
105 7 26 ;24 43 27 36 17 35 21 15 ,13 33 8 32 19 42 17 37 19 45 18 21 12 35
—104-“
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CONTROL GROUP
O R IG IN A L  DATA
MATCHING STUDENTS BY I .  Q .
EXPERIMENTAL GROUP
5
£Ül 1 1 §I 1 Ig Uia:u_ 1
ffi
e
S I 1s
Name I-Pt p F P F P F P F P F P F NAME P F P F p F P F P F p F
113 4 44 23 42 14 44 25 48 31 23 17 38 10 48 21 40 28 46 24 46 15 25 16 37
109 4 25 12 38 24 37 15 37 19 17 12 35 9 39 16 34 21 40 20 46 17 19 16 35
102 1 21 15 25 14 30 12 33 17 13 14 30 1 25 16 30 19 33 13 35 15 17 13 33
85 0 13 13 26 14 17 11 22 9 9 15 30 1 40 19 35 19 26 18 35 20 15 7 20
30. 98 4 25 7 37 15 19 15 28 17 13 14 24 2 37 16 40 17 38 18 41 16 21 11 35
99 4 31 16 36 16 25 16 37 19 15 15 33 8 27 20 33 13 28 15 38 13 17 15 32
108 3 30 17 27 17 15 46 15 15 15 36 2 35 12 38 14 37 17 42 18 20 n 36
106 5 45 21 39 14 38 3 45 19 22 17 38 2 30 14 35 14 28 15 27 17 19 11 20
99 3 20 21 10 14 27 9 27 9 9 11 35 3 31 14 21 12 17 15 38 24 13 11 19
91 8 30 19 25 13 25 17 36 22 17 15 25 4 35 15 25 9 27 11 38 32 14 15 35
108 7 46 17 34 17 38 15 45 18 15 17 37 2 32 13 29 18 31 19 40 20 12 13 36
113 4 37 18 37 13 34 14 39 13 14 15 36 0 37 13 27 12 31 16 39 18 17 13 27
103 4 45 16 25 16 34 16 35 18 17 15 32 1 38 17 34 25 24 15 32 17 14 10 19 1
92 3 30 15 20 13 37 19 36 21 15 35 33 2 20 19 32 7 28 9 36 10 20 15 28
40, 102 5 46 17 31 17 39 18 44 17 16 17 38 3 32 13 43 13 40 23 41 30 17 11 23
96 5 31 13 28 10 24 15 34 16 7 15 33 7 25 17 35 16 33 12 44 20 16 14 32
103 3 32 17 29 19 31 18 35 18 12 16 28 8 45 20 32 7 31 18 37 16 16 14 31
113 5 45 21 38 15 40 15 43 18 13 21 38 0 36 18 38 21 46 19 45 18 20 16 36
95 8 30 19 30 14 28 12 32 15 15 12 31 1 25 15 35 20 30 14 30 15 18 11 30
123 11 45 24 43 18 44 21 44 25 13 17 37 2 45 19 43 26 43 23 45 20 25 17 36
116 6 34 15 38 13 40 19 36 22 16 19 37 2 24 15 24 20 31 13 34 15 17 13 32
126 13 45 17 47 18 39 22 47 24 19 19 37 10 47 18 43 22 45 21 46 18 21 18 43
104 2 36 18 26 16 40 9 39 16 11 15 38 2 39 13 36 17 39 19 44 20 22 18 38
117 1 45 16 23 12 35 13 38 18 19 15 30 2 46 18 41 19 39 25 47 23 19 17 39
50. 115 8 45 14 42 17 36 21 45 16 18 16 36 15 46 22 43 22 45 21 44 21 21 11 36
113 3 47 17 42 19 47 23 47 17 19 17 31 4 42 12 40 16 32 16 40 9 21 12 35
.10$.
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O R IG IN A L  DATA FOR
MATCHING BY EXACT PR ET E ST  SCORE
I i
C3 X  Ü  X
<z
a u. u- C u. u_ & u. u. a: Ü. u. Æ U. u_ CL u.
7 26 45 17 34 29 19 28 3? 15 37 42 18 19 21 15 32 28
• 6 45 20 16 28 40 21 29 36, 17 31 37 21 17 21 16 29 374 ' ' 3 35 37 20 41 35 20 37 30 ' 17 40 43 19 23 22 15 29 35
2 41 35 19 28 42 21 30 34 * 13 36 34 14 16 20 11 24 29
9 42 46 17 18 39 19 44 39 * 16 39 37 16 12 13 7 25 27
3 45 46 14 32 31 19 46 26 ' 23 42 47 13 17 15 10 27 32
7 47 47 19 36 35 7 20 28 * 16 47 43 18 13 19 17 34 36
5 21 45 21 34 40 27 45 43 ' 21 44 40 15 21 16 13 28 30y— ' 4 47 47 20 40 37 22 25 45 * 15 32 34 10 17 20 14 36 32
**10. 9 45 37 14 33 32 23 41 44 ■ 14 38 40 17 17 19 10 33 29
1 21 25 16 38 33 16 23 33 * 16 38 44 12 13 14 10 21 34
k  ' 4 35 43 17 40 35 25 42 38 • 9 37 36 18 13 19 14 29 30.... .. 3 18 36 19 20 32 12 25 44 ' 15 40 27 11 19 10 14 33 36
5 37 28 14 28 21 16 33 32 ' 11 35 38 21 18 14 11 23 30
2 20 37 16 28 37 7 15 23 ' 18 37 35 19 18 23 7 22 29
7 18 25 14 32 26 13 26 40 * 15 48 41 12 17 17 16 38 36
10 42 48 13 25 32 17 20 37 ' 11 14 17 24 17 13 15 34 33V------- 15 45 46 11 33 42 24 47 37 ' 13 41 37 17 13 19 15 36 32
2 35 45 15 23 20 14 26 28 ' 13 30 41 15 13 25 15 38 37
*20. 7 35 27 20 25 37 17 40 34 * 25 35 43 15 6 18 11 39 29» 6 41 46 15 28 30 11 25 30 ' 15 45 38 15 13 21 7 24 20.. 11 ' 40 47 13 37 39 17 39 39 ' 17 41 42 19 15 20 14 32 32
0 15 37 13 12 34 18 38 44 * 18 36 44 16 15 17 15 27 28■ 2 11 24 15 33 40 2o 32 31 • 23 35 41 19 17 21 11 24 36• 8 46 45 15 25 25 10 20 41 ! 5̂ 30 32 13 14 16 13 39 306 27 31 17 41 36 14 44 30 * 17 35 39' 19 17 16 13 27 27y— 5 37 40 15 37 24 24 37 35 ' 15 38 36 17 13 15 15 34 32y— 2 41 17 12 33 38 14 30 33 ' a 48 47 9 9 8 14 31 31
3 37 31 13 31 27 14 17 34 '  12 33 44 17 13 14 16 37 38
'30. 3 28 46 17 38 37 16 25 34 ' 11 22 27 19 15 17 16 35 35
Pr e t e s t  =  t h e  m a t c h e d  p r e t e s t  s c o r e  
F in a l  ( c ) =  f in a l  s c o r e ,  c o n t r o l  g r o u p  
F i n a l  ( x ) =  f in a l  s c o r e ,  e x p e r im e n t a l  g ro u p
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O R IG IN A L  DATA FOR
MATCHING BY EXACT PRETEST SCORE
s
&
I f)mj UJ
i I
H < <t
I I I
K f-
w  - j  —) w
u j Z  Z  w
& u _  u _  ^
«f
J -  3  in
M < <z z g z z
Û l ÛT CL t i .  ÛT
6 25 31 18 32 37 17 26 39 , 16 37 39 15 15 18 13 33 32
7 26 45 15 38 36 14 38 37 ' 15 40 38 19 22 19 9 27 28
0 27 20 23 43 35 17 38 38 ' 23 45 45 22 18 25 17 38 39
4 44 42 12 23 40 14 27 31 ' 13 35 34 9 9 21 12 35 37
1 21 35 15 25 32 14 29 37 ' 17 36 42 13 15 17 15 30 21
0 13 35 13 26 43 13 25 33 ' 15 45 40 18 15 20 15 36 37
4 31 42 16 36 34 17 38 43 r 14 39 34 13 14 17 17 38 38
3 30 31 17 27 43 13 34 28 I 35 40 18 17 20 11 37 318 35 33 21 39 38 16 34 43 19 36 44 21 15 21 11 35 19
'40. 3 20 47 18 35 38 13 37 34 ' 18 44 37 17 16 19 12 25 27
2 35 38 21 10 42 17 39 43 ; 18 35 36 16 7 16 15 25 32
8 30 32 19 25 43 19 31 37 t 15 43 34 118 12 17 15 36 307 46 43 17 34 34 14 2? 15 ' 21 44 44 118 13 19 15 32 36
4 37 35 18 37 43 18 44 31 ' 19 36 46 15 15 117 15 33 37.
3 30 32 16 25 34 13 40 15 ' 13 38 35 25 13 23 15 33 36
8 30 46 15 20 35 19' 47 40 ' 20 41 44 20 16 19 16 28 37
6 34 39 17 31 40 17 22 37 I 21 45 46 16 2 20 12 31 35
6 30 30 13 28 36 18 39 47 * 24 19 116 11 25 24
0 20 36 15 38 28 16 40 37 16 111 F21 12 31 38Jso. 7 17 46 16 30 41 13 22 7 9~ 18 19 124 15 38 31
51. 3 45 47 14 72 31 12 35 37 15 12 17 11 26 30
52. 2 36 42 18 26 43 17 36 37 T'" ' 22 leTTs 16 36 36
53. 4 30 43 18 12 40 •
*54. 1 45 25 16 23 30 f '"..
*55. 1 20 40 14 16 30 * 1 1
156. 8 45 45 18 37 39
. 57. 14 42 35 P"'"'"' ' j
58.
j
r  ' ’ “ ' ' ....j .
Pr e t e s t  =  t h e  m a t c h e d  p r e t e s t  s c o r e  
F in a l  ( c ) =  f in a l  s c o r e , c o n t r o l  group 
F in a l  ( x ) -  f in a l  s c o r e ,  e x p e r im e n t a l  group
-107.
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